Published Monthly. Price $5.00 per Annum, 


E JOURNAL 


OF THE 


AMERICAN CHEMICAL SOCIETY. 





VOL. XX.—NO. 2 


FEBRUARY, 1898. 


EDWARD HART, Editor, J. H. Lonc, THom*~ B. OsBoRNE, 
COMMITTEE ON PAPERS AND PUBLICATIONS. 


~ CONTENTS. £ 


Proceedings (7)-(18) 
PAPERS. 

The Dignity of Analytical Work. By C. B. Dudley-.-.. 

Alkyl Bismuth Iodides and Bismuth Iodides of Vegetable Bases. 
Albert B. Prescott 

The Action of Sulphuric Acid on Mercury. By J. R. Pitman 

On the Determination of Fat and Casein in Feces. By E. E. Smith.. 

The Relative Sensibility of Plants to Acidity in Soils. By Walter 
Maxwell 

Methods and Solvents for Estimating the lewients of Plant Food 
Probably Available in Soils. By Walter Maxwell. sees 

A Delicate Test for the Detection of a Yellow Azo Dye U sed for ‘the 
Artificial Coloring of Fats, ete. By Joseph F. Geisler 

The Lecithins of Sugar-cane. By Edmund C. Shorey 

A Revision of the Atomic Weight of Zirconium, By F. P. Venable.. 

The Surface-tensions ef Aqueous Solutions of Oxalic, Tartaric, and 
Citric Acids. By C. E. Linebarger 

Sodium Peroxide in Quantitative Analysi§8. By C. Glaser 

Additioual Notes on the Sugar-cane Amid. By Edmund C. Shorey.. 

Correspondence 

Obituary 

New Books: Elements of Electrochemistry ; Manual of Qualitative 
Chemical Analysis; The Pharmacist at Work; A Dictionary of 
Chemical Solubilities, Inorganic; The Principles of Chemistry ; 
Incompatibilities in Prescriptions; The Early History of Chlo- 
rine; An Outline of the Theory of Solution and its Results; The 
Principles of Mathematical Chemistry ; Electric Smelting and 
Refining ; The Book of the Dairy; Water and Public Health; 
Elements of Chemistry; Humphry Davy, Poet and Philoso- 
pher; A Hand-book of Modern Explosives 

Books Received 

Erratum 


REVIEW OF AMERICAN CHEMICAL RESEARCH 


E ASTON, P PA: 
THE CHEMICAL PUBLISHING ; COMPANY 4 


Entered at the Post- obs, Kasten, Pa., as Second-class Matter. 


Orders for back numbers of the Journal should be addressed to the Librarian, F. E, 
Dodge, 316 Bowne Ave., Flushing, N. Y. 























VoL. XX. [ FEBRUARY, 1898. ] No. 2. 


THE JOURNAL 


OF THE 


AMERICAN CHEMICAL SOCIETY. 





THE DIGNITY OF ANALYTICAL WORK.’ 


By C. B. DUDLEY. 

T will doubtless be conceded by all, that in the choice of the 
field to which one proposes to devote his life-work, a number of 
things should be consulted. Among these may be mentioned 
not only mental capacity and the opportunities for training by 
courses of study, which may be available to him, but also what 
may be termed natural inclination or love forthe work. Just how 
much weight should be given to each of these elements, is a 
query not easily answered, but few will deny that genuine 
interest in or real love for the field of work chosen, should be 
allowed as great sway as possible. Thoseof us who have gotten 
far enough along in our life-work, to be able to look back some- 
what, and to see and differentiate the causes that have shaped 
our line of effort, know full well that circumstances beyond our 
control, rather than our inclinations and desires, have in many 
cases determined our course, but the fact nevertheless remains, 
that for the best results, for the attainment of even moderate suc- 
cess, one’s efforts must be in a field agreeable to him, and his 
heart must be in his work. Fortunate is the man for whom cir- 
cumstances so shape themselves, that he is able to pass his years 
in the field of his choice, and spend and be spent in work that is 


congenial to him. 
1 Presidential Address delivered at the Washington Meeting of the American Chem- 
ical Society, December 29, 1897. 
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Assuming now that for most of us, circumstances and condi- 
tions have been such that we are spending our lives in the field 
of our choice, let us consider for a moment, a tendency that 
seems to be a concomitant of those thus fortunately situated. 
Do we not occasionally find in ourselves a disposition to magnify 
the importance of the field in which we happen to be engaged ? 
Are we not somewhat inclined, quite naturally perhaps, to think 
that our field of work is more important than that in which 
others are occupied? Does not the theoretical chemist, whose 
inclinations lead him to spend his time in writing reactions, and 
building structural formule of wondrous architecture, often feel 
within himself, that his work is on a higher and nobler plane than 
that of the patient analyst, who has furnished the data which 
he uses? Does not the organic chemist who delights in the study 
of the carbon compounds, who can repeat for you series after 
series of chemical bodies, differing from each other by the con- 
stant addition of an element or group of elements, in whose vocab- 
ulary ‘‘types, substitutions,’’ ‘‘replacements, 
tions’’ and ‘‘isomers,’’ are familiar words, and who, when a new 
organic compound is discovered, cannot rest until he has found 
to what series, and what place in the series, it belongs, or what 
its relations are to other bodies in that marvelous structure, 
based on the element carbon, which the studies of the last half 
century have reared before our eyes, I say does not this organic 
chemist oftentimes feel that he is engaged in a field far more 
worthy of study, and to which is due much more consideration, 
than to that of his inorganic brother, who devotes days and per- 
haps weeks to unraveling the constitution of some obstinate 
silicate, whose crystalline form gives little help, and whose 
oxygen ratio is hidden or obscure? Or again, does not the 
physical chemist oftentimes think, that with the tools of his more 
especial field, with his specific heats, his vapor-densities, his 
heats of chemical combination, and his ions, he is quite com- 
petent to solve all problems worth solving in the realm of chem- 
istry, and that those who are engaged in other lines, are 
far below his standard, and can be looked down upon quite 
with pitying sympathy? Still once more, do we not often 
see the pure chemist whose battle cry is ‘‘original work 
for the work’s own sake,’’ claim for himself the highest 
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seat in the synagogue, and refuse to join his efforts with those 
of others whom he regards as his humbler brethren, vzz., those 
working in the field of applied chemistry, in securing the bene- 
fits of organization to extend and widen the borders of our 
science? Finally, not to make distinctions, do we not frequently 
see the analyst who knows so well how necessary it is to have 
the trained and skilful hand, and the acute and watchful brain, 
both working together, and at the same time, in order to secure 
the accuracy, without which his work is worthless, claiming for 
his field, that it is the foundation upon which our science rests, 
and that those who spend their time in locating the position of 
an atom in its molecule, or in finding the relations of an organic 
compound to other members of its series, or perchance in invent- 
ing long names for new compounds in which all the resources of 
the ancient Greek and Latin are brought to bear, to reveal in 
one word the constitution of the compound, I say does not the 
analytical chemist often regard these workers, as shallow, empty 
headed, and unworthy to be called chemists ? 

Now far be it from me to say that this partiality of each for 
his own field is blameworthy. We can, indeed, conceive of 
cases in which this partiality may be carried a little too far, but 
within proper limits, not only is it not blameworthy, but 
even as it seems to us, it may be praiseworthy for one to mag- 
nify the importance of the work in which he is engaged. A just 
and proper estimate of the value of his own work, a reasonable 
pride in his chosen science, or that paddock of his science 
which it has fallen to the share of each to care for and cultivate, 
and indeed a moderate, though necessarily a somewhat partial, 
comparison of himself and his field of labor, with others, even 
though that comparison is somewhat to the detriment of the 
others, are not always necessarily bad. Onthe other hand, such 
pride and such comparisons tend to stimulate to renewed activ- 
ity, tend to sustain in the perplexities and discouragements of 
work, and tend to keep one’s effort concentrated on the work 
which he can do best. Looked at in this light, the generous ri- 
valry of one branch of our science with another, or the pardon- 
able pride of each in his own chosen field, and even in his own 
work, may be a distinct advantage, and I know you will bear 
with me a few minutes, while I, with proper modesty, and in 
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the true spirit, I hope, try to magnify a little, the field of analyt- 
ical work. 

To my mind, then, it is just and proper to take pride in analyt- 
ical chemistry, because of the power which a properly con- 
ceived and executed analysis has of explaining difficulties. A 
few illustrations will, perhaps, make this point clear, and I am 
sure I will be pardoned for giving illustrations from my own ex- 
perience, rather than historical ones. 

Some years ago, after a passenger coach on the Pennsylva- 
nia Railroad had been through the hands of the car cleaners, 
it was noticed by some of the officers, that the paint on the 
outside looked very badly, and had apparently been injured 
by the cleaning. A careful examination by the paint experts 
revealed the fact that the varnish was nearly all gone, and 
in some places the paint itself partially removed. As a matter 
of discipline, the car cleaners were called to account, and 
requested to explain why the paint and varnish had been 
so badly injured. Their reply was that with the soap that 
was furnished for car cleaning no better results could be ob- 
tained. This statement was, of course, received with a grain 
of allowance, it being well known to railroad operating officers, 
that almost universally when anything goes wrong, and the men 
are called to an account, the materials are blamed. However, 
in order to give the men the benefit of the doubt, a sample of the 
soap was obtained, and submitted to analysis, when it was found 
that this soap actually contained over three per cent. of free caus- 
tic soda, and abont seven per cent. of sodium carbonate. It is 
evident that this soap had been very carelessly made from cheap 
materials, and since it is well known that water solutions of both 
caustic and carbonated alkalies are fairly good solvents for dried 
linseed oil and other constituents of paint and varnish, it is clear 
that the defence of the men, in this case at least, was legitimate, 
and that the soap wasreally at fault. It may be added for infor- 
mation, that the circumstances above described led to the prep- 
aration of a specification for common soap, in which the amount 
of free and carbonated alkali was limited to very low figures, 
and that no similar difficulty of destruction of paint and varnish 
has since occurred. 

Another illustration from a different field will emphasize the 
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power of an analysis to explain difficulties. A lot of boiler-plate 
was at one time received at Altoona shops, from one of the best 
makers. In this lot of forty or fifty sheets, two were found which 
gave difficulty in flanging, this operation consisting, as is well 
known, in bending over the edges of the sheets while hot, nearly 
at right angles to the balance of the sheet, in order to enable it 
to be joined to other sheets in the boiler. The two sheets re- 
ferred to, cracked in the bend, although the remainder of the lot 
gave no difficulty from this cause. The workmen being thor- 
oughly experienced, and the practices of the shop being excel- 
lent, the cause of the failure in the case of these two sheets, was 
not apparent. An analysis of samples from each of these sheets, 
however, showed 0.35 per cent. and 0.36 per cent. of carbon 
respectively, while analyses of samples from other sheets in the 
same lot showed in no case above 0.12 to 0.15 per cent. of car- 
bon. ‘The explanation of the difficulty seemed now quite clear. 
The shops had been supplied for a long time with the softer 
grade of steel, and the methods and practices in use were those 
applicable to that kind of steel. No wonder then that with the 
harder grade, difficulty should arise, as actually happened, and 
but for the analysis this might have passed into shop traditions 
as one of those unexplained and unexplainable crochets of steel, 
which both the makers and practical users of this metal delight 
in constantly bringing forward. 

A single illustration further will, perhaps, suffice on this head. 
A few years ago, a shipment of some three hundred freight 
axles was received at two different shops on the Pennsylvania 
Railroad, from an entirely reputable maker. Some ofthese axles 
were used for repairs, and some went under new cars. Scarcely 
had they gotten into service, however, before difficulty began to 
arise. The axles began to break. Indeed, one of them broke 
before the car had been turned out of the shop yard, one broke 
into three pieces before the car had made 150 miles, and in less 
than three months eight had broken. Each of the broken axles 
was sent to the laboratory, and a careful study of the case made, 
with the hope of discovering the cause of the failure. An ex- 
amination of the freshly fractured ends of several of the broken 
axles, showed that for a little distance in from the circumference, 
the fractured steel presented an appearance quite different from 
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that given by the remainder of the fracture. Moreover, a line 
of demarcation between these two apparently different kinds of 
steel in the same axle, could be clearly traced. Accordingly, it 
was decided to make analyses of borings from near the circum- 
ference and near the center, and see whether this would reveal 
anything. It may be stated that the axles were known to have 
been made from Bessemer steel, and should normally have con- 
tained not more than 0.10 per cent. of phosphorus. The analy- 
sis of the borings from near the circumference of the axles in no 
case gave figures up to this limit, while the borings from the 
center of the axles in no case showed less than 0.16 per cent. 
phosphorus, and in some cases the amount was as high as 0.24 
per cent. Those who are familiar with the methods in daily 
use in modern steel works, will from these figures at once under- 
stand the cause of breakage of these axles. For the benefit of 
those who are not, it may be well to explain that in most modern 
steel works, large ingots are now the rule, and that in large in- 
gots which take considerable time to solidify from the molten 
condition, analyses show that some of the constituents of the 
steel are not uniformly disseminated throughout the mass. 
This separation of the constituents during cooling, technically 
known as ‘‘segregation,’’ is characteristic of the carbon, the 
phosphorus, and the sulphur. Furthermore, the segregation 
appears to be worse in the upper third of the ingot, so much so 
that many specifications now require the upper third of the in- 
got to be removed, and not used at all in making the articles the 
specifications call for. This much being stated, it is clear why 
our axles broke. They were made from badly segregated steel, 
perhaps from the rejected upper thirds of a lot of ingots, the bal- 
ance of which were used for other purposes. Subsequent cor- 
respondence with the parties furnishing the axles gave good 
grounds for belief that such was the case. For the comfort of 
those who ride on railroads, it may be added that the 300 axles 
were at once withdrawn from service, and that since that time, 
a chemical and physical specification for both passenger and 
freight axles has been prepared, which is believed to preclude 
the possibility of such axles as are described above being re- 
ceived by the Pennsylvania Railroad. 

These illustrations of the power of an analysis to explain dif- 
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ficulties could be prolonged to almost any extent, but I spare 
you. Furthermore, I should not like to be understood as claim- 
ing that every puzzle, every difficulty, or every state of affairs in 
nature, where the reasons for the phenomena which we find are 
not apparent at sight, can be explained by a chemical analysis. 
Our knowledge is far too limited for this. Moreover, many 
cases could be cited in which an analysis throws no light what- 
ever on the situation, but notwithstanding this, an experience of 
some twenty years in seeking out the causes of things, asa 
necessary preliminary to the intelligent modification of practices 
and methods, in connection with a great corporation, has con- 
tinually impressed me more and more, with the very great help 
which a properly conceived and executed analysis can give in 
cases of difficulty. 

But again I take pride in the field of analytical work, because 
of the opportunity which thoughtful analytical work affords for 
finding new things. The careful, thoughtful, observant analyst, 
is constantly on the verge of either being able to add to his own 
knowledge, or of being able to contribute something to the gen- 
eral progress of our science. And here again I must be par- 
doned for using, as illustrations, cases which have arisen in the 
laboratory of the Pennsylvania Railroad Company. 

A few years ago, in our laboratory, we began to get ready to 
make our analyses of the samples of steel which were designed 
ultimately to be the international standards for the analysis of 
iron and steel. Before starting inon these samples, however, it 
was deemed prudent to do a little preliminary work on some 
other samples with the idea in mind of seeing whether apparatus 
and method were satisfactory. Accordingly four separate and 
distinct determinations on the same sample were made forcarbon, 
using the double chloride of copper and ammonium to release 
the carbon, and burning in oxygen gas. The four determina- 
tions agreed with each other within 0.01 or 0.02 of a per 
cent., and were regarded as fairly satisfactory. But as the 
work was important, and as some parts of the apparatus had not 
worked quite satisfactorily, it was decided to repeat the four 
determinations. Meanwhile a new stock bottle of solution of the 
double chloride had been made exactly in the manner that had 
been our custom for some time previous. When the second four 
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determinations were obtained, they differed from the first, by 
more than a tenth ofa per cent. I need not weary you with the 
details of our hunt for the cause of this discrepancy, how every 
point in the apparatus was tested up one after another, how 
various modifications were tried, how combustions were made 
on crystallized sugar to check ourselves, and how finally we 
located the difficulty in the double chloride of copper and 
ammonium solution. These details have all been published.’ 
Suffice it to say that as the result of this work, together with 
subsequent work by other chemists, it is, we believe, now 
generally accepted that the commercial ammonium double salt 
contains carbon in some form, probably pyridine, that its use as 
a solvent to release the carbon from iron and steel is unreliable, 
and that the substitution of the potassium for the ammonium 
double salt, overcomes these difficulties The point which I 
especially want to emphasize is that in trying to do a little care- 
ful analytical work, we struck a new and apparently hitherto 
unsuspected source of error in one of the oldest and best estab- 
lished methods of iron and steel analysis. 

Another illustration will perhaps make this point still more 
clear. In the regular course of work at one time, a silicon 
determination was made in a piece of tire steel, which had been 
sent by an officer of another railroad, for information. The 
figures found by our analysis were 0.14 per cent., these figures 
being sent to the officer above referred to. A little later word 
was received that an analysis of a sample from the same 
tire made by another chemist gave 0.28 per cent. as the content 
of silicon. ‘This, of course, led us to look over our work, with 
the idea of finding where the cause of. the discrepancy lay. A 
careful examination of our weights and figures showed that it 
was not an error of calculation. Accordingly we decided to 
duplicate our work, need I say, with the expectation of finding 
that the other chemist had made a mistake? Judge of our sur- 
prise when we found that our second analysis confirmed his 
figures exactly. Our first and second analyses had been made 
by the same method, and by the same operator, working on 
borings from the same bottle, and the cause of the discrepancy 


between the two, was not therefore, at first sight apparent. On 
1 Trans. A. I. M. E., tg, 614. 
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carefully questioning the operator however, as to exactly what 
he did at each step of the method, a clew was obtained, which 
when followed out, cleared up the whole difficulty, and ulti- 
mately led toa modification of the method. The silicon in these 
samples was determined by what is known as Drown's method, 
consisting in dissolving the steel in nitric acid, adding sulphuric, 
heating until white fumes of the latter acid appear, to render 
the silica insoluble, dilution with water, filtration, washing, and 
weighing. The difference between our two analyses consisted 
simply in this, that in the first case, after the dilution with water, 
there being considerable work in hand, the vessel was allowed 
to stand over night before filtration, while in the second case 
filtration immediately followed dilution. Subsequent work on 
this point showed that in this method silica is not completely 
dehydrated by heating in concentrated sulphuric acid, in pres- 
ence of iron salts, but is apparently rendered colloidal and suffi- 
ciently dehydrated so that if filtration follows soon after dilution, 
fairly accurate results will be obtained. On standing after dilu- 
tion, however, this colloidal, undehydrated silica, apparently 
goes into solution again. Indeed we were able to get on this 
same sample, anywhere from one-eighth up to the full amount 
of silicon present, by varying the time of standing after dilution, 
the longest time covered by our experiments being about four 
days. 

Perhaps I may venture to give you still one more illustration 
of how in the course of analytical work, new and apparently 
hitherto unnoticed reactions may be hit upon, and modifications 
of methods result. Every chemist who has done much work in 
determining phosphorus in iron or steel, by the reduction of the 
molybdic acid of the yellow ammonium phosphomolybdate, and 
subsequent titration of the reduced solution, cannot fail to have 
been annoyed by the occasional failure of duplicates to agree. 
Apparently in the two analyses everything has been done 
exactly alike, and yet the results donot agree. Every thought- 
ful chemist cannot fail to have felt at such times, that some- 
where in the method there were conditions affecting the result, 
that were not fully controlled. During the last six or eight 
months in our laboratory we have apparently struck one of these 
hitherto uncontrolled conditions, whose influence is not large, 
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and yet enough to, at times, cause annoying discrepancies in 
duplicates, or between different chemists working on the same 
sample. 

In order to make clear what follows, it should be stated that 
in the ordinary working of this method, the yellow precipitate, 
after careful washing, is dissolved in ammonia, and this solution 
then treated with sulphuric acid largely in excess, and diluted 
to a definite volume, in which condition itis passed through the 
reductor, and subsequently titrated with standard potassium per- 
manganate. The reductor in common use consists, as is well 
known, of a tube of heavy glass, about five-eighths of an inch 
internal diameter, and about a foot long, filled with powdered 
zinc, the top being fitted with a funnel, and the bottom with a 
stop-cock. Below the stop-cock, a smaller tube carries the rub- 
ber cork, by means of which the reductor is fitted to the flask 
which receives the reduced solution. This smallertube usually 
projects into the flask an inch or two, and it is customary to use 
the pump to draw the liquid through the reductor. This much 
being premised, we may say that in a communication from Mr. 
Porter W. Shimer, one of the members of the Sub-Committee 
on Methods of the Committee on International Standards for the 
Analysis of Iron and Steel, he, among other things, called 
attention to the fact that when making a number of determina- 
tions on the same sample, all other things being the same, he 
got a reduced solution that required more permanganate if he 
prolonged the small tube below the stop-cock in the reductor, 
nearly to the bottom of the flask, than if this small tube pro- 
jected only an inch or two into the flask. This statement 
brought afresh to our minds, a thought that every one who has 
worked much with molybdic acid must have had; viz., that 
reduced molybdic acid is very easily reoxidized. We accord- 
ingly determined to find out, if possible, whether this was actu- 

ally the case and, if so, how much this difficulty might amount 
to. Accordingly, a stock solution of ammonium molybdate dis- 
solved in water, was prepared, and a number of aliquot parts of 
this solution measured out. Now, obviously, there are two 
chances for the reduced solution to become oxidized by expo- 
sure to the air. Oneof theseis from the air in the flask during 
the reduction, and on the other from the outside air during the 











THE DIGNITY OF ANALYTICAL WORK. gI 


titration. Without going into minute detail, it is perhaps suf- 
ficient to say that when we reduced an aliquot part of our stock 
solution, using the short tube of the reductor, and adding the 
permanganate drop by drop, with continual agitation during the 
whole titration, we used 22.7 cc. of our standard permanganate, 
all figures given being a mean of a number of closely agreeing 
determinations. When now we made the reduction the same as 
before, v7z., with the short tube of the reductor, but titrated by 
allowing about ninety-five per cent. of the permanganate re- 
quired to run into the flask before agitation at all, and finishing 
the titration drop by drop, we used 23.1 cc. of permanganate ; 
in other words, so sensitive is a reduced solution of molybdic 
acid, that it is easy by varying the mode of titration to intro- 
duce considerable error. Prolonging now the tube at the bot- 
tom of the reductor as suggested by Shimer, which would result, 
as is apparent, in a diminished exposure of the reduced solution 
to the air in the flask before titration, we found our aliquot 
part to use up 23.6 cc. of permanganate. But even with the 
prolonged tube, there is some exposure of the reduced solution 
to the air during the reduction. Accordingly, on the suggestion 
of my principal assistant, Mr. F. N. Pease, we put a measured 
amount of standard permanganate solution into the flask which 
was to receive the reduced solution, more than sufficient to react 
with it, and then prolonged the tube from the reductor, to dip 
below the surface of this permanganate. Obviously with this 
arrangement the reduced solution is entirely prevented from air 
exposure. On making the reduction and titrating the excess of 
permanganate with standard solution of ferrous sulphate, it was 
found that the aliquot part had now used up 24.1 cc. of perman- 
ganate, an extreme difference in amount of permanganate used 
under the varying conditions described, of nearly six per cent. 
Obviously, if two chemists were working on the same sample of 
molybdic acid, one employing the manipulation first described, 
and the other that last described, the discrepancy between them 
would be serious. The discrepancy on phosphorus in steel, 
while the same in percentage, is very much smaller in actual 
figures, but still enough to be annoying. The work above re- 
ferred to is not yet quite finished, but enough has already been 
done to demonstrate that the ordinary method of determining 
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phosphorus in steel can be advantageously modified in the inter- 
ests of greater accuracy ; and also, although not yet rigorously 
demonstrated, there are strong indications that molybdic acid 
(MoO,) is always reduced by zinc to Mo,O,, and that the more 
complex formulas, Mo,,O,,, Mo,,O,,, etc., so commonly given as 
representing this reduction, simply mean that the conditions 
under which these formulz were obtained, permitted the reox- 
idation of the reduced solution to the extent indicated. 

There is another phase of this question we are discussing, 
‘*The Dignity of Analytical Work,’’ which will perhaps bear a 
few words. It seems to be universally conceded that the brain 
that plans and guides is worthy of more honor than the hand 
that executes; the general deserves more than the private sol- 
dier ; the architect, than the builder ; the investigator who plans 
the work, than the chemist who makes the analyses. Few will 
object to such a distribution of rewards as this, and certainly no 
one will claim that a chemist who, machine-like, simply follows 
directions, without thought or interest in the matter, can fairly 
claim recognition for anything more, perhaps, than manipulative 
skill and honesty. But, on the other hand, is it fair to say that 
such analysts can truly be called analytical chemists? Does not 
the genuine analytical chemist embody within himself, not only 
the capacity of brain to wisely plan his method of attack, to con- 
ceive which one of the possible reactions in the case it will be 
best to employ, but also the requisite manipulative skill, to carry 
out the line of action decided upon? To imy mind, these two 
things, vzz., the brain power necessary to plan the work, together 
with the continual activity of the brain while the work is going 
on, and the skilled and trained hand requisite to do the work, 
are necessarily coexistent at the same time in the good analyt- 
ical chemist, and woe be that chemist who tries to put them 
asunder. The analyst whom chance or the exigencies of earn- 
ing his livelihood have thrown into a situation, where day after 
day he must, for a time at least, do the same thing over and over 
again, and who does not, even in this situation, use his brain con- 
stantly, does not each time he adds a reagent think what is 
going on in the beaker, does not each time he washes a precip- 
itate think what he is washing out, does not every time he makes 
a weight take a genuine interest in the result, and even the 
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hundredth time that he makes the same determination, is not on 
the lookout for some flaw in the method he is using, or some 
possible new reaction in connection with it, such an analyst I 
say, will stand a good chance to remain a routine chemist all 
his life. 

On the other hand, what shall we say of those chemists who 
plan out a line of investigation, and are content not to make the 
necessary analyses themselves? We are quite well aware that 
at the present time this is a very common method of making in- 
vestigations, and we can, of course, understand that pressure of 
other duties may make it impossible to pursue investigations in 
any other way. But we cannot regard this state of affairs as, to 
say the least, anything less than unfortunate. If we may trust 
our own experience, the time spent in making the analyses re- 
quired by one line of attack on a stubborn problem is most valu- 
able, in the opportunity which it affords for carrying the prob- 
lem in mind, and planning out other lines, in case the one in 
hand does not succeed. Moreover, still more valuable is it to 
make the analyses yourself, in that while doing so, you so fre- 
quently get suggestions from the work that are the very ones 
upon which final success depends. I wish there was time to 
illustrate this point as its importance deserves, but the history of 
chemistry and your own experience will have to furnish them to 
you. To our minds it is hard to overestimate the importance, 
especially to a young investigator, of his doing his own analyt- 
ical work for himself. If we read rightly, this was the almost 
universal habit of the old masters of our science, and we greatly 
fear that those chemists, who from choice delegate their analyt- 
ical work, will find after years of such delegation, that their 
reward of successful investigations is very small. 

A single thought farther. At the present time so much 
applied chemistry is either based on analytical work, or has 
analytical work as an almost essential constituent of its exis- 
tence, that in a paper discussing analytical work, a few words 
may not be amiss, on the relations between pure and applied 
chemistry. Without wishing to touch in the slightest degree on 
mooted or disputed questions, it may not be unfair to say, that 
while the applied chemist does truly, as the name indicates, in 
the mass of his work, utilize or apply the discoveries of others, 
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to useful effect, it does not at all follow, that in the field of 
applied chemistry, no discoveries yet remain to be made. It is 
certainly not too much to say that no thoughtful chemist has 
ever worked for any length of time in any field of applied 
chemistry, without finding himself surrounded with problems 
involving new and unknown reactions, with problems, am I not 
safe in saying, requiring for their solution, as good appliances, 
as deep study, and as keen thought, as any that occupy the 
minds of the pure chemists. These problems continually force 
themselves upon him, and his only regret in the matter is, that 
the time at his disposal does not permit him to solve them as fast 
as they arise. A prominent feature of these applied chemistry 
problems, remains to be mentioned; vz., they generally have 
immediate useful applications, as soon as they are solved. The 
applied chemist usually makes an excursion into the unknown, 
because some difficulty has arisen in the course of his regular 
work, or because some new, more rapid, or more economical 
method of accomplishing results, is desired. He may succeed in 
finding a new reaction, or in utilizing an old one, as the basis of 
a successful commercial process, or in modifying a manufactur- 
ing method in the interests of both economy and speed. But 
whatever his work, the immediate useful application of the 
information he secures, is both his stimulus and guide. He may 
not be able from lack of time to follow his work up, and find the 
complete relations of the facts ascertained to the other branches 
of chemistry, but this is his misfortune rather than his fault, 
and this condition of affairs, v/z., being unable to follow out to 
completion, lines of research one started on, is, if we understand 
the matter rightly, not characteristic of the applied chemist 
alone. This much being said, let us ask in what respect the 
pure chemists resemble or differ from those who work in the field 
of applied chemistry. They certainly are alike in this, that 
neither of them can devote his whole time to original work. 
Both must devote no small portion of their energy to other lines 
than making investigation. There may have been a time in 
the history of chemistry when investigators were so fortunately 
situated, that they could devote their whole time and energy to 
finding out new truth, and giving their results tothe world. All 
honor to such investigators. Moreover, we all know that 
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occasionally an appropriation of funds or an endowment is 
made for research in some special field. But truly would it not 
be too much to say, that the work of any large percentage of 
the pure chemists of to-day, is the result of such fortunate 
circumstances ? Furthermore the pure and applied chemists are 
alike in that in their origine: work, both are seeking for the 
truth, and if they are successful, both are adding to the sum of 
human knowledge. They differ, as it seems to me, principally 
in this: First, the researches of the applied chemists being 
largely made in the interests of corporations or manufacturing 
establishments, the results of these investigations, in many cases, 
are not at once available to the world, except in so far as they 
lead to diminished cost of production. ‘Those who have paid 
for these researches, naturally feel that they should be allowed a 
period of time at least, to recoup themselves for their expendi- 
tures and so they protect themselves either by patents or secrecy. 
But this is only a knowledge of the truth deferred. Sooner or 
later the results of the investigations of all applied chemists, are 
added to the great body of accumulated chemical knowledge. 
The pure chemist, on the other hand, at once gives the results of 
his investigations to the world, and is quite content if the 
publication of his researches shall bring him as his reward, a 
modicum of appreciation from his fellows. Second, in their 
original work, the pure chemists differ from the applied chemists 
in the ulterior purpose for which the investigation is undertaken. 
As has already been stated, the applied chemist usually under- 
takes an investigation, tries to find new truth with the avowed 
purpose of at once utilizing this truth as soon as it is found. 
Not so the purechemists. The problems which they attack and 
solve so successfully, have no necessary relation to subsequent 
utility. The truth which they discover, and put on record, may 
be found to be useful at some time, but its possible immediate 
utility or non-utility is not taken into consideration by the pure 
chemist, either in his choice of a subject for investigation, or in 
the prosecution of his work. Thetruth for the truth’s own sake, 
is his motto and guiding star. 

If we have diagnosed the case correctly, then the princi- 
pal differences between the pure and applied chemist are, 
that the latter withholds the results of his work from 
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the world for a period of time, while the former gives his at 
once, and that the latter is, in his original work, seeking for 
truth that is at once useful as soon as it is worked out, while 
the former neither knows nor cares whether the truth that he 
discovers, is either now or at any future time turned to practical 
or useful effect. Let me not be misunderstood. I am not 
attempting to belittle in any sense the work of the pure chemists. 
They are worthy of all honor and respect. But on the other 
hand, Iam not at all willing to have the work of the applied 
chemists made light of or treated as though it were in an 
inferior field. To my mind there is no occasion for either to 
belittle the work ofthe other. The field of chemistry is so broad, 
the amount of unoccupied ground in every branch of the science 
is so great, that there is neither time nor energy for struggling 
as to who is greatest or who is least, but in whatever line a man’s 
tastes, opportunities, or the force of circumstances may lead him, 
whether as a pure or an applied chemist, whether organic or 
inorganic, whether theoretical, physical, or agricultural, whether 
analytical or synthetic, provided in his mind at all times, the 
love of the truth is above all, and honest work is being done, he 
is worthy of recognition, honor, and respect. 


ALKYL BISMUTH IODIDES AND BISMUTH IODIDES OF 
VEGETABLE BASES.’ 


By ALBERT B. PRESCOTT. 


Received November 20, 1897. 

HE common alkyl ammonium iodides, with solutions of the 
bismuth salts, give bright-colored precipitates. As 
formed by quaternary methyl or ethyl ammonium iodides, the 
color is orange-yellow in most cases, usually lighter when 
obtained with bismuth chloride, and darker when obtained with 
bismuth nitrate. When fully formed by excess of the organic 
iodide, in bismuth solution not strongly acid, the precipitation 
is amorphous and so nearly complete that when the filtrate from 
a test-tube portion is evaporated to dryness and the residue 
ignited and treated with solvent acid, hydrogen sulphide fails to 


l Read before the American Pharmaceutical Association, inthe report of a special 
committee, at Minnetonka Lake, August, 1897, and to be published in the Association 
Proceedings for this year. 
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blacken the liquid. Strong mineral acids slowly decompose these 
colored precipitates, liberating iodine. 

What has been known as Dragendorff’s reagent for alkaloids 
is a potassium bismuth iodide, prepared by dissolving a precipi- 
tated bismuth iodide in a concentrated solution of potassium 
iodide acidulated with hydrochloric acid, and known as giving 
reddish-colored precipitates in solution of the salts of the alka- 
loids. On trial with pyridine salts, a corresponding precipitate 
was obtained, dark orange-red and voluminous. Kraut’ has 
reported the piperidine compound, to which all these are analo- 
gous. 

These organic bismuth iodides are not perfectly proof against 
decomposition by much water; they are sparingly soluble in 
ethyl or amyl] alcohol, insoluble in glacial acetic acid, in ethyl 
ether, in chloroform, and in benzene. 

The tetramethyl ammonium bismuth iodide crystallizes from 
hydrochloric acid, that of sp. gr. 1.19 diluted with an equal 
measure of water. Also from potassium iodide solution acidu- 
lated with hydrochloric acid. The pyridine and the alkaloid 
bismuth iodides crystallize from alcohol. In all these cases the 
crystals are clearly hexagonal and easily obtained. 

Both the amorphous and crystalline forms are stable in the 
air. A sample of tetramethyl ammonium bismuth iodide 
remained constant in weight at 130°; atropine bismuth iodide 
melts, but at 98° C. holds constant weight. 

Reducing agents, as potassium thiosulphate, do not alter 
these bismuth iodides. Tetramethyl ammonium bismuth iodide, 
precipitated from ten per cent. solutions both of the organic iodide 
and bismuth iodide, washed with hydrochloric acidulated water, 
then with pure water till washings gave no residue, then with 
alcohol, and lastly with ether, and dried at 110°, gave figures as 
follows : 

Analyses I and II were of the same preparation, III and IV 
from other preparations made at different times. 


;. II IIL. IV. N;(CHs),,HBigI, 
Iodine .---- 58.71 58.29 60.79 re 59.22 
Bismuth .-.. 27.08 cece cece eee 27.07 
Carbon..... 8.69 8.68 8.58 8.06 8.82 
Hydrogen-- 2.16 2.12 2.30 135 2.08 
Nitrogen... 2.81 2.9% Aas eS 2.81 


1 Ann. Chem, (Liebig), 210, 310-327. 
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The pyridine bismuth iodide, prepared from a pyridine salt 
by Dragendorff’s reagent and crystallized from alcohol, on ele- 
mentary analysis gave figures as follows : 


Different preparations. 3 II. III. (CsH,N)3(HI)sBigI,, 
Todine. eseeeeeeeeeeee 63-98 62.84 62.24 63.59 
MNEs 4 bode ee sees’ 23.36 23:72 ‘han 23.18 


Kraut' found analogous composition for piperidine bismuth 
iodide. 

The corresponding atropine bismuth iodide gave results as 
follows : 


(Cy7HgsNOs)3.- 


Several preparations. me II. III. (HI) ,Biglg. 
Todine-- «++. cceceecess 46.99 47.03 46.51 46.99 
ear 18.82 18.67 18.53 17.22 
Carbon----seeeeeeceee 23.22 23.62 23.69 25.23 
Hydrogen .-......-+- 2.87 3.02 2.94 2.96 
OXYZeM o-eeeeeees cece 8.10 7.66 8.33 7-63 


The carbon is too low for the theory, so that the figures 
approach to those of (C,,H,,NO,) (HI) Bil,. 

The brucine compound gave, for (C,,H,,N,O,),(HI),Bi,I,, of 
iodine 41.10 and 40.88 per cent. against 41.56 by calculation 
from the formula. 

The corresponding strychnine salt gave, for iodine, 44.02 and 
34.65 per cent. against 44.48 by calculation from the formula. 

In the results of the work I have done upon the perhalides and 
double halides of nitrogen bases in the last two or three vears, every- 
thing goes to support the theory that two or more halogen atoms 
link to each other withan (uneven) valence of more than one, soas 
to connect one group of atoms with another. Iodine, especially 
among the halogens, serves as a binding element in the coupling 
of other elements with each other, as well as in massing its 
own atoms together in a heavy periodide, as a swarm of bees 
hang upon the bough of a tree. In the double iodide 
structure, where iodine links one base to another base, serv- 
ing between positive and positive, with iodine not in excess of 
the ‘‘normal’’ number of its atoms, potassium thiosulphate will 
not take iodine out of the compound. In the periodide structure 
where iodine links a base to additive iodine, serving between a 


positive and a negative group, potassium thiosulphate promptly 
1 Ann. Chem. (Liebig), 210, 310-327. 
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removes all the additive iodine, leaving a normal single iodide. 
These generalizations apply to the dipyridine alkyl iodides 
reported with determinations of molecular weight by Mr. Flint- 
ermann and myself in 1895.' Also to the various monopyridine 
alkyl normal iodides’ and to the numerous periodides.* In the 
compounds of additive iodine, asin double iodides, the results of 
analysis are in most cases consistent with an uneven valence 
of iodine, indeed with its trivalence. But there are a very 
few periodides well determined by Mr. Trowbridge as monopyr- 
idine compounds, in which, in our present knowledge, an even 
numerical valence of iodine is indicated. 

The bismuth iodides of nitrogen bases reported in this paper, 
both those of fatty alkyls on the one hand and those on the 
other hand of pyridine and pyridine-derived alkaloids, all evi- 
dently confirm iu their analytical content to the regular iodine- 
linking structure, the structure common both to double iodides 
and periodides, as shown in the following proposed constitutional 
formula. In the case of the quaternary ammonium bismuth 
compounds, with the prevailing bismuth characteristic of los- 
ing halogen in presence of water, the wash-water being found 
tinged with iodine, each bismuth atom is directly bound to only 
two atoms of iodine, while in the pyridine-formed compounds 
the bismuth atom is bound to three atoms of iodine in each 
instance, bismuth and iodine valencies being always the same. 
Again, the fatty ammonium compounds, less stable as they are, 
show a variation from the quaternary to the tertiary base type, 
in one of the three nitrogen basal groups of the molecule. This 
doubtless comes about by reaction of water to form methyl] alco- 
hol as a by-product, leaving hydrogen in place of methyl in the 
main product. 

I=I—N(CH,), 


~. 


I—N(CH,), = N,(CH,),,HBi,I,. 
al Teeetias euceaiate 
NI=I—N(CH,),N 


1 This Journal, 18, 28. 

2 Prescott and Baer, 1896: bid, 18, 247. 

8 Prescott and Trowbridge, 1895 : /b1d, 17, 859; P. F. Trowbridge, 1897: /btd, 19, 322; 
Trowbridge and Diehl, 1897 : /dzd, 19, 558. 
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I=I—HNC,H 

$ 5*45 
I 
l SI-HNGH, = (C,H,N),(H1I),Bi,I, 


Pyridine ammonium- 


ae bismuth iodide. 
NI=I—HNCGH, 
Analogous to 
(C,,H,,NO,),(HT),Bi,I,. 


Atropine bismuth iodide. 


I—Bi 


The alkaloidal bismuth iodides are not quantitatively uniform 
enough to be entirely satisfactory for alkaloidal assay, but are 
more stable and uniform than the alkaloid mercuric iodides 
formed by Mayer’s reagent. On the other hand, they are more 
bulky, less easy to gather in a compact mass, less manageable 
in filtration. On the whole, so far as found, Dragendorff’s 
reagent gives no general advantage over that of Mayer, though 
I am well aware how unsatisfactory the latter has been found in 
the hands of analysts. 

For the execution of the work upon tetramethyl ammonium 
bismuth iodide, I am wholly indebted to Mr. H. E. Brown; for 
that upon the bismuth iodides of pyridine and the alkaloids to 
Mr. O. C. Diehl. A further study of the reactions of the halides 
of bismuth upon representative organic bases is now left to Mr. 
Brown. 


ANN ARBOR, MICH., AUGUST, 1897. 





THE ACTION OF SULPHURIC ACID ON MERCURY. 
By J. R. PITMAN. 
Received November 18, 1897. 
HE following statement is made by Messrs. Baskerville and 
Miller, in a previous number of this Journal (19, 874) 
“A qualitative experiment showed that mercury decomposed 
concentrated sulphuric acid at the ordinary atmospheric tem- 
perature about 20° C.”’ 

As a large amount of my work consists in the use of nitrom- 
eters, this statement was of considerable interest to me; how- 
ever, believing their conclusions to be erroneous, the following 
simple tests were tried: Apparatus used, a Lunge nitrometer 
with separate reading burette ; the temperature at all times was 
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about 22° C.; the amount of mercury was from eight to ten 
times that of the acid (by volume). 

First experiment: Thirty cc. of concentrated sulphuric acid was 
run into the generating bulb, and allowed to stand for forty-eight 
hours, being shaken at intervals; I was unable to get any gas at 
all under these circumstances, and there was apparently no 
reaction between the mercury and the sulphuric acid. Think- 
ing that possibly the presence of air might have some effect upon 
the reaction, I next measured a certain quantity (about fifty cc.) 
of rather damp mercury ; this was run into the generating bulb and 
thirty cc. of sulphuric acid as well ; after shaking at intervals for 
tweuty-four hours, the air was remeasured and found to have 
Jost four-tenths cc.; this loss was probably due to the presence 
of considerable moisture in the air when first measured; asa 
check this same air was conducted (thoroughly dried from its 
contact with the sulphuric acid) from the reading burette into 
another generating bulb, drawing in thirty cc. of concentrated 
sulphuric acid, and shaking again, as before, for about twenty- 
four hours, with a result of a loss of less than 0.05 cc., which is 
an error that might occur in any test. 

In order to try the effect of the preponderance of sulphuric 
acid, one part of mercury to seventy by volume of concentrated 
sulphuric acid was taken (sp. gr. 1.84), introduced into a flask, and 
shaken violently for some time; no mercuric sulphate was 
formed, nor was there appearance of any other reaction ; this 
was at a temperature of 25.5° C. From those experiments it is 
apparent that there is no reaction between mercury and sulphuric 
acid at ordinary temperature, and if Messrs. Baskerville and Mil- 
ler found a reaction as they state, it must have been by means 
of some different method. 





ON THE DETERMINATION OF FAT AND CASEIN IN FECES. 


By E. E. SMITH. 


Received November 15, 1897. 
N the November number (1897) of this Journal, Herman Poole 
writes, in regard to this subject, that in searching the litera- 
ture he ‘‘found nothing at all which would give even a fairly 
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approximate idea of the percentage of fat and casein.’’ I desire 
to call this writer’s attention to the following : 

In studying the stools of jaundiced patients, Miiller’ deter- 
mined the fats by the following method: The dried and finely 
powdered material is extracted with ether for three days, the 
residue from the extract washed with successive portions of warm 
water, dried and weighed, and divided into portions which are 
used (1) for the determination of ash by ignition; (2) for the 
determination of free fatty acids by titration in alcohol-ether 
solution with standard alcoholic potassium hydroxide, phenol- 
phthalein indicator; (3) for the determination of the melting- 
and congealging-points ; and to these may be added, if desired, 
(4) for the determination of the unsaponifiable residue. 

The residue of the original material is digested with hot alco- 
holic hydrochloric acid, dried and again extracted with ether, 
and the residue from the extract either titrated or weighed, giv- 
ing the fatty acids present in combination with alkaline earths. 
From these data are calculated the neutral fats, the free fatty 
acids and the soaps. 

A serious objection to the method of extracting the dried and 
powdered material probably exists, for it has recently been 
demonstrated’ that some substances, notably meat and milk 
products, give up only a small portion of their fat to the ether 
when extracted in this condition. Doubtless, then, more accu- 
rate results are obtained by Hoppe-Seyler’s method of adding 
water to the fresh material to bring it to the consistence of a thin 
mush, evaporating somewhat to remove volatile substances and 
using the material in this condition for the extraction of the fats. 

It may also be admissible for me to call attention to the long- 
standing discovery of Flint,’ which the writer has apparently 
overlooked, that normally there is no cholesterol in feces. It is 
present in the bile, but in the upper intestinal tract is converted 
into a chemically different, though allied substance called, by 
Flint, stercorine. Flint’s discovery has recently received con- 
firmation in the observations of two European investigators,‘ 
who have redescribed stercorine under another name. ‘There 
appears to be no doubt of the identity of their product and 


Flint’s’ stercorine. 
1F. Miiller: Ztschr. klinische Med., 1887, p. 43 

2 Dormeyer: Pfliiger’s Archiv. f. Phystol., 61, 341. 

8 Flint: Physiology of Man. 

4 Boudzynski and Humnicki : Zéschr. phystol. Chem., 22, 396. 
5 Flint: Ztschr. physiol. Chem., 23, 633. 




















THE RELATIVE SENSIBILITY OF PLANTS TO ACIDITY 
IN SOILS. 


BY WALTER MAXWELL. 
Received November 23, 1897. 


HE degree of acidity in soils is relative, and is largely con- 
trolled by climatic conditions. .In temperate zones, 
due to the more moderate means in temperature and rainfall, this 
matter of acidity does not necessarily engage as much attention 
in agricultural considerations. In subtropical and tropical con- 
ditions, in which the writer is engaged and where the mean 
annual temperature is over 21° C., and the yearly rainfall varies 
between twenty inches on the leeward side of the islands, and 
200 inches (17.5 feet) on the windward uplands, the matter of 
soil acidity demands primary and careful consideration. 

Our observations were made not only in order to obtain pre- 
cise knowledge concerning the relative sensibility of various 
plants, and families of plants, to acid conditions, but also to 
indicate that the errors and confusion at present existing, con- 
cerning the forms in which plants assimilate nitrogen, may be in 
part due to this behavior of plants in relation to acidity. 

In another publication’ we selected, among others, as an 
example, a tropical wood fern, which was growing in conditions 
of extreme soil acidity, such as the sugar-cane could not exist 
in. We used the analysis of this fern, the green leaves of which 
contained four-tenths per cent. nitrogen, to show that ‘‘one of 
the two theories must be wrong, and that the nitrifying organ- 
isms in soils can carry on the nitrification of organic nitrogen in 
acid media, or that the fern must take up nitrogen in a non- 
nitrified form.’’ 

The conditions of the situation have obliged us to make 
examinations, the results of which show that certain common 
agricultural varieties of plants live and thrive in soils where 
others totally fail; and that the success or failure of the respect- 
ive varieties can be due to the inability of given plants to with- 
stand a degree of soil acidity in which other plants reach a con- 
siderable and even normal growth ; and may be quite indepent- 
ent of the mode and elements of plant nutrition. 

The experiments which furnished the given data were 


1 Reports of the Hawaiian Experiment Station, 1896, 
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arranged and conducted as follows: Two tubs having a diame- 
ter of twenty-four inches, and a depth of twenty inches, and per- 
forated bottoms, which were covered with linen cloth, were each 
filled with 120 pounds of air-dried soil of moderate fertility, hav- 
ing a neutral behavior towards acid and alkaline tests. These 
tubs were placed in tin pans which were six inches deep, the 
perforated bottoms of the tubs being raised four inches above the 
bottoms of the tin pans. The tin pans were filled with water up 
to the level of the perforated bottoms, and the water was kept 
up to that level until the soil in the tubs had absorbed moisture 
to saturation, the water absorbed being 48.2 per cent. on the 
water-free weight of the soil. To tub No. 1 enough citric acid 
was added to make the whole volume of water absorbed a one- 
tenth per cent. solution. To tub No. 2 citric acid was added 
to make the absorbed water a one-fiftieth per cent. solution. In 
each of the tubs seventeen varieties of seeds were planted, these 
being planted in a circle, and equal distances apart. The seeds 
germinated quickly, were up within four days, and had a 
healthy appearance. After the plants were up, and one inch 
high, the mode of applying the acid was changed. When the 
acid was applied in the water absorbed by capillarity from the tin 
pans, it was not equally distributed through the mass of the soil, 
but was more »r less fixed by the bases in the soil at the bottom 
of the tubs, and did not reach the plants. Therefore the acid 
was dissolved in water and applied around the plants at the sur- 
face. This was controlled by determining the loss of water from 
the tubs by evaporation, and replacing the lost water, with the 
weight of citric acid dissolved in it necessary to bring up the 
whole volume of water in the tubs to one-tenth per cent. and 
one-fiftieth per cent. solutions respectively. This was repeated 
every fourth day, the acid solution being applied by our field 
assistant, E. G. Clarke, with a pipette, and in strictly equal 
quantities to each plant. With this detailed description of the 
mode of applying the citric acid to the tubs, the results may be 
given, which are found in the following tables : 














SENSIBILITY OF PLANTS. 


(Tub No. r. 


A. CRUCIFERA. 


Strength of Acid one-tenth per cent.) 


Name of plant. Planted. Up. Failed. Development. 
Black mustard...-- May 27 May 29 June 15 Three inches high 
White mustard .... as ag ‘eS 4 
pO eee Tie eee ae #6 3I “ 37 es 
Mangel wurzel .---- - ee. EE a 
Rape err rrr Tree a¢ a6 30 e 17 s 
Carrot +-++eeeeeeee = June 3 ey Four st 

(Tub No. 2. Strength of Acid one-fiftieth per cent.) 

Name of plant. Planted. Up. Failed. Development. 
Black mustard..... May 27 May 29 June 15 Three inches high 
White mustard .... os “<0 ae s 
pO eee ee Or eee e  -o5 o> 85 “ 

Mangel wurzel..... s§ * gf 2 es 

Rape -eeese cece cece i *¢ 20) a OR = 

Carrot. ---eeeeseeee ee June 3 aD Five “ 
B. LEGUMINOSAE. 


(Tub No. r. 


Name of plants. Planted. 


White lupine... May 27 
Cow bean 


“<c 


eeeeeve 


Windsor bean - 

Winter vetch.-.. 
Crimson clover- 
Alfalfa .. 


(7ub No. 2. 


Name of plants. Planted. 
White lupine.-.. May 17 
«e 


Cow bean 
Windsor bean -. 
Winter vetch... 
Crimson clover. 
Alfalfa 


“ 
ce 
““ 


« 


(Tub No. sr. 


Name of plants. Planted. 
Pearl millet---- May 27 
Wheat «cccccces se 
OMOR esas wacwes - 


Strength of Acid one-tenth per cent.) 


Up. Failed. Development. 
May 30 = July 16 I foot high 
tf. 20 Aug. 31 7 feet 2 inches long 
(No seed) 
June 3 Aug. 12 3 feet long 
May 31 July 9 2 feet long 
ke June 17 3 inches high 
an ae 3 inches high 
Strength of Acid one-fiftieth per cent.) 
Up. Failed. Development. 
May 30 July 21 I foot 2 inches long 
$< 90 Aug. 30 6 feet long (No seed) 
June 3 < °33 3 feet long 
May 31 ee | 3 feet long 
 “ June 17 3 inches high 
S25 aes 3 inches high 


C. GRAMINAE. 
Strength of Acid one-tenth per cent.) 


Up. Result. Development. 
May 30 Matured 4 feet 1 inch long and 
formed seed 
“ Failed I foot 3 inches long 
3 feet 6inches high 
Formed flowers but 
no seed 
ee Failed 8 inches high 
“ Failed 8 inches high 
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(Tub No. 2. Strength of Acid one-fiftieth per cent.) 
Name of plant. Planted. Up. Result. Development. 
Pearl millet.-.- May 27 May 30 Matured 5 feet 4 inches high 


and formed seed 


Wheat ..--.000- ee se Failed 1 foot 2 inches high 

Maize ....--.+.. s sa Formed flowers but no 
seed 

PRRER a ccosseacee “6 6 Failed 6 inches high 

Barley .---+---- Rs ee Failed 11 inches high 


The crucifers succumbed almost immediately to the action of 
the acid, the one-fiftieth solution acting almost as effectually as 
the one-tenth solution. This behavior of the crucifers under 
artificial treatment with citric acid corresponds to certain gen- 
eral observations upon the growing of root crops in non-aerated 
and sour lands. 

The lupine, bean, and vetch struggled hard and long against 
the acid action, but none of these fully matured, or formed seed. 
The crimson clover and alfalfa succumbed as rapidly as the cru- 
cifers, showing that the clovers cannot bear an acid soil, and 
explaining one cause of the extreme ‘‘hunger’’ of the clovers 
for lime. 

The graminae showed a very variable behavior in relation to 
the acid. The wheat, barley, and oats failed almost completely, 
although none of these actually died. ‘The maize grew well, 
had a strong and deep green-colored blade, and reached a mod- 
erate size, forming a full blossom, but no seed. The pearl millet 
distinguished itself from all the other varieties. Its growth was 
steady and quite normal, as compared with a plat of millet 
growing in the field near by, which it actually exceeded in de- 
velopment, reaching five feet five inches in height. Five large 
heads matured, which contained a finer grade of seed than was 
originally planted. A special test was made with the millet, in 
which the plant was treated every fourth day with a one per 
cent. solution of citric acid. This strength of solution kept the 
young plant, which was three inches high, at a standstill for 
three weeks. After that timethe plant appeared to accommodate 
itself to the intense acidity, ‘began a further growth, and was 
two feet high when the experiment was stopped. (A photograph 
was taken of this example.) 

Considering the relation of these observations to common find- 
ings in the field, it may be said that maize is being planted with 
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some success in our upland, acid soils, and millet will now be 
tried. The effects of acidity upon the crucifers and certain 
legumes, have been noted in soils notably less sour than most of 
the upland soils of these islands. The Director and Agricul- 
turalist of the Rhode Island (U.S.) Experiment Station, Profes- 
sor Flagg, in a communication concerning a sample of soil sent 
to the laboratories of the writer, says: ‘‘We found all this 
soil acid when tested with litmus paper; so much so that timo- 
thy and clover, barley, beets, spinach, lettuce, and a few other 
plants, failed to thrive without the use of air-slaked lime to cor- 
rect the acidity.”’ 

These observations, which are only a part of extensive inves- 
tigations that will be published shortly, show the extreme differ- 
ence in degree of sensibility of the various agricultural plants to 
soil acidity. They also indicate with what ease a failure in 
growth of one plant can be attributed to some trouble in plant 
nutrition, when it may be wholly due to the inability of the 
plant to bear the acidity of the soil, which is illustrated, as has 
been shown, by the power of other plants to thrive in the same 
medium. 





METHODS AND SOLVENTS FOR ESTIMATING THE ELE- 
MENTS OF PLANT FOOD PROBABLY AVAILA- 
BLE IN SOILS. 


By WALTER MAXWELL. 
Received November 23, 1897. 


N framing a method, and in the selection of solvents for esti- 
| mating the proportion of plant food probably available in 
soils, it appears necessary to be wholly guided by a precise 
observance of the agencies by means of which the insoluble soil- 
materials are being daily changed by the processes of nature in 
the field, into forms in which they can be used by growing 
plants. 

The processes by which the food elements are prepared in 
nature are altogether chemico-physiological ; and for this reason 
the problem cannot be primarily considered from an analytical 
standpoint. 

The solvent agents operating in nature’s processes are, in 
addition to water, the acids moving in the sap of living organ- 
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isms, and being emitted through the membranes of their roots, 
the chief one, so far as our present knowledge goes, being car- 
bonic acid; and, more important, the acids which result from 
the decay of vegetable matter upon and within the soil. The 
acids that are formed when plants, roots, and fruits decay are 
the simple organic acids,—carbon acids ; and the amido acids,— 
carbo-nitrogen acids. Consequently, the acids in living, and 
produced by dying, plant organisms are carbon acids, with or 
without nitrogen. In the complete decay of vegetable matter, 
however, these organic acids are resolved into ultimate mineral 
bodies ; the carbon into carbonic acid, and the nitrogen of the 
amido acids into nitric acid or nitrogen, the simple forms in which 
these were primarily taken from the air to build up the plant 
organism. Consequently, the amounts of carbon and of nitro- 
gen contained in the composition of plant organisms are respect- 
ively the measure of the relative amounts of simple carbon acids 
and of amido acids that can be produced in vegetable decay ; 
and of the amounts of carbonic acid and nitric acid that finally 
result from that decay, and which act as solvent agents upon 
the soil. The minute amount of sulphuric acid, and the still 
more minute portion of phosphoric acid, that are formed from 
the sulphur in the nucleins, and the phosphorus in the phospho- 
glycerides (lecithines), are unnoticed in these considerations. 
Also the basic action of the amidogen group (NH,) contained 
in the amido acids, which has been indicated in our investiga- 
tions, is reserved for notice until a statement of results in detail 
is made. In the absence of elementary determinations of car- 
bon in the composite structure of plants, these estimations hav- 
ing been confined to constituent bodies some other mode has to 
be used for arriving at an estimation of the proportion of that 
element contained in plant organisms; and, at the same time, of 
the relative proportion of nitrogen. This is done by ascertain- 
ing the amount of the constituents of plant organismsthat are 
composed of carbonaceous bodies not containing nitrogen, and 
the proportion of these bodies that do contain nitrogen. The 
carbonaceous bodies free from nitrogen are the so-called nitrogen- 
free extract matters, the fiber, and, for the present purpose, are 
added the fats. The bodies containing nitrogen are collectively 
considered as proteids. The relative amounts of these non- 
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nitrogenous and nitrogenous constituents found in a broadly 
representative series of agricultural growths are set forth in the 


following table : 
Nitrogen-free 


No. of ex- extract 
Kinds of growth. amples. Proteids. Fiber. matter. Fats. 
Percent. Percent. Percent. Per cent. 
1 Legumes and cereals. 32 8.0 27.6 51.0 305 
2 Roots and bulbs ..... 14 13.9 10.5 64.5 a2 
3 Grain and other seeds 45 12.9 2.4 79.5 4.4 
Means ..--ee sees gI 11.6 13.5 65.2 3-5 


If the third series (the seeds) should not be included in the 
average, for the reason that the grain and seeds are not allowed 
to return directly to the soil, the means will remain nearly the 
same, since the large proportion of the extract matters in seeds 
is offset by the small amount of fiber These data show that in 
the 91 examples of vegetable growths we have : 


Per cent. 
Nitrogen-free carbonaceous bodies.....-.--- 92.2 
Nitrogenous carbonaceous bodies -.--....-- 11.6 


The nitrogen-free carbonaceous bodies, including the small 
amount of fats, may be considered as bodies containing six atoms 
or parts of carbon (C,H,,O,). The proteids, in which the ele- 
mentary analysis finds sixteen per cent. of nitrogen, with fifty- 
four per cent. of carbon, are bodies in which, according to the 
relative atomic weights, about three parts of carbon are asso- 
ciated with one part of nitrogen. The relation of the carbon 
and nitrogen present in those organisms, then, may be ex- 
pressed thus : 
Parts of 
carbon. 
Nitrogen-free carbonaceous bodies .. 82.2 per cent. X 60 = 493.2 
Nitrogenous carbonaceous bodies... 11.6 ‘‘ X 3= 348 





528.0 


Parts of 
nitrogen. 


Nitrogenous carbonaceous bodies---- 11.6 ‘ ~% Be 16 
These data show that in the composition of the plants, roots, 
and seeds stated there are forty-five parts of carbon to one part 
of nitrogen. Therefore, in the decomposition of those organ- 
isms there must finally be produced forty-five parts of carbon 
dioxide and one part of nitric acid. 
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Nitric acid is a more immediately active solvent than carbonic 
acid, and will dissolve soil material rapidly while its action 
lasts. The duration and measure of its action, however, 
are fixed by the quantity, and can extend only to the point 
of neutralization with the bases it acts upon, which is the 
case with the carbonic acid. Moreover, nitric acid is a mon- 
atomic acid, whilst carbonic acid is a diatomic acid ; which thus 
doubles the solvent power of the forty-five parts of carbon, and 
lowers the possible action of the one part of nitric acid to only 
gp part of that of carbonic acid, providing both acids exer- 
cise their action on the soil bases to neutralization. 

These considerations have appeared to the writer to constitute 
the nature of any method, and the character of any solvent 
whose action can approximately compare with the processes 
operating in the field. Their reasonable nature has been amply 
endorsed in a course of work in which methods were adopted, 
from which mineral acids were excluded, and simple carbon 
acids and amido acids were exclusively used as solvents. The 
results, which form only a part of a broad investigation which is 
being carried on of Hawaiian soils, and which have been obtained 
with the aid of the associated labors of our first assistant chem- 
ist, J. T. Crawley, and C. F. Eckart, second assistant chemist, 


will be published in later issues of this Journal. 
LABORATORY OF THE HAWAIIAN SUGAR PLANTERS’ ASSOCIATION. 





A DELICATE TEST FOR THE DETECTION OF A YELLOW 
AZO DYE USED FOR THE ARTIFICIAL COLORING 
OF FATS, ETC.' 


By JOSEPH F. GEISLER. 


Received January 5, 1898. 

HE food laws of several of the states prohibit the use of 
coloring-matter in oleomargarine, and inasmuch as the 
presence of artificial coloring-matter in many cases constitutes 
the only infraction of these particular laws, simple tests for its 
detection are desirable. Those engaged in clarifying and 
decolorizing oils and fats are no doubt familiar with the use 
of Fuller’s earth as a precipitant of coloring-matter, the lat- 
ter usually being precipitated without any pronounced color 
reaction. Since text-books and the chemical literature, to 


my knowledge, do not mention the red to pink color which Ful- 
1 Read at the Washington Meeting. 
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ler’s earth produces with some of the yellow azo dyes, I desire 
to call attention to the practicability of using this earth asa 
most convenient and delicate test for the detection of at least 
one, if not more, of the yellow azo dyes. The latter are now 
largely used as constituents of butter-colors, and replace annatto 
to a considerable extent. 

While analyzing a sample of a reddish-colored butter intended 
for export, my attention was drawn to the large amount of col- 
oring-matter present and the intense violet-red color developed 
when I attempted to remove the coloring-matter from the clari- 
fied fat by means of Fuller’s earth. The color developed 
depended much upon the relative amount of Fuller’s earth 
added, ranging from a deep violet-red to pink. All the coloring- 
matter giving this particular reaction was readily precipitated. 
The precipitate, after having been thoroughly washed with 
naphtha to remove the fat, presented, upon drying, a violet-red 
powder. Contact with alcohol immediately decolorized it, the 
color reappearing upon the evaporation of the alcohol. Boiling 
alcohol readily extracted all the coloring-matter from the 
precipitate, producing a yellow solution. As obtained from the 
latter, the coloring-matter was found to be quite insoluble in 
water, sparingly soluble in hot water, reprecipitating from the 
latter on cooling. It dissolved with a yellow color in concen- 
trated sulphuric acid which, upon dilution with water, developed 
a bright pink to red color. Strong mineral acids also produced 
a violet to pink color. The latter reaction is familiar through 
the use of methyl orange as an indicator in acidimetry. True 
methyl orange as supplied in the market for use as an indicator, 
however, does not give the Fuller’s earth reaction nor is it as 
soluble in fats as this particular coloring-matter. These reac- 
tions with others would indicate one of the yellow azo dyes. 
The reactions throughout corresponded closely with a commer- 
cial yellow azo dye soluble in fats and used asa constituent of 
butter-colors. 

Applying the Fuller’s earth test to various samples of butter 
and oleomargarine, I found a large number of the samples to 
give the Fuller’s earth reaction even where the samples were 
but lightly colored. 

In view of the fact that in certain localities oleomargarine was 
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readily sold on the strength of the statement that only ‘‘two 
ounces of coloring-matter had been used per ton’’ and that the 
amount was ‘‘too small to admit of detection’ it became a mat- 
ter of interest to determine the limit of the Fuller’s earth test 
and the probable amount of coloring-matter present in commer- 
cial samples of average color. With this end in view mixtures 
were made with varying amounts of the yellow azo dye and pure 
white lard and the test applied tothe same. ‘The mixtures were 


as follows: 


Equivalent 
Ratio. per ton. 
Ounces. 


A.--. 100 mgms. coloring-matter per kilo of lard 1 : 10,000 a2 
B. 50 oe “ce ee “ce “ce “ce “ce I 4 20,000 1.6 
Coens Io “ce ec “e “ce “ce ce “e I . 100,000 0.32 

D x, a 1 ; 1,000,000 0.032 
The latter ratio indicates fourteen grains per ton. Treated 


with Fuller’s earth 


A developed a deep violet-red color, 
B developed a deep violet-red color, 
C developed a deep pink color, and 
D developed a pink tint. 


In the latter case a half gram of the sample spread upon a white 
porcelain slab developed a strong unmistakable pink upon the 
addition of Fuller’s earth. When D was dissolved in naphtha and 
the Fuller’s earth added to the solution, the pink appeared as a 
distinct ring or zone at the edge of the deposited layer of the 
reagent. The reaction is therefore a very delicate one. 

Of the mixture A the average of several experiments showed 
that so minute a quantity as the 45 of a milligram still gave a 
pink reaction perceptible to the naked eye. Under the micro- 
scope the yj, part of this was still perceptible. Since the 
amount of coloring-matter actually present under the latter con- 
ditions was only so5-ob0.099 Of a milligram (equivalent to 
152000.000.005 Of a grain) the applicability of the test as a definite 
color reaction under ordinary conditions is apparent. The use 
of as little as two ounces of the coloring-matter per ton produces 
a highly-colored oleomargarine, while fourteen grains (the 74°; 
part of two ounces) per ton would be barely perceptible as a 
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faint yellow tint, but readily detected by the pink tint developed 
by the test. 

Commercially, the yellow azo dyeis generally used in con- 
junction with an orange variety. The latter does not give the 
Fuller’s earth test. 

For practical purposes the test is readily applied by spreading 
some of the clarified fat to be tested upon a white porcelain sur- 
face and stirring into the fat a pinch of Fuller’s earth and 
observing the change in color. A pink to violet-red color will 
appear within a few moments if any considerable proportion of 
this coloring-matter is present. If the experiment is performed 
in a glass tube it is readily preserved for court exhibits where 
such are desirable. The test may therefore be used as a valua- 
ble adjunct in testing for this coloring-matter in fats as well as 
differentiating between certain of the azo dyes. 

Discussion: C. 4. Crampton.—I wish to call attention to the 
very valuable and apropos nature of this test. It seems to bea 
very good one and is especially valuable because this form of 
coloring-matter seems to have driven out of use the old-fashioned 
butter-color which was made ofannatto. The manufacturers say 
the dyes ‘‘ hold up’’ better than annatto, by which is meant, I 
suppose, that they will stand time and exposure to light much 
better. In the paper to be presented to-morrow, I hope to show 
some samples of this butter-color dye, which will illustrate the 
extent to which it is used in a certain class of butters. 

J. F. Geisler.—It is generally claimed that these azo dyes are 
not detrimental to health. They are certainly used in very 
minute quantities. 

E. A. de Schweinitz.—A number of physiological experiments 
have recently been made to determine the effect of these dyes, 
and, as a result, it is stated that they are not poisonous even 


when used in considerable quantities. 
NEW YORK, DECEMBER 20, 1897. 


THE LECITHINS OF SUGAR-CANE. 


By EDMUND C. SHOREY. 
Received November 23, 1897. 


N a former paper on the principal amid of sugar-cane, men- 
tion was made of an attempt to estimate the amount of dif- 
ferent nitrogenous bodies in molasses, according to a scheme by 
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which the albuminoids were precipitated by cupric hydroxide, 
and the nitrogen in the precipitate, produced in the filtrate from 
the cupric hydroxide by phosphotungstic acid, was designated 
peptones. The reagent used was a solution of sodium phos- 
photungstate in dilute sulphuric acid, and this was added to 
the filtrate from the cupric hydroxide precipitate, previously 
rendered strongly acid by sulphuric acid. I found that, so used, 
this reagent produced a copious precipitate in raw cane juice, 
and in the after products of the sugar house, clarified juice, 
syrup, and molasses. The precipitate so formed was flocculent 
and easily washed by decantation, chocolate in color, and vary- 
ing very little in its character with the source from which it was 
obtained. This precipitate I found invariably contained nitro- 
gen; ¢.g., a typical sample of raw cane juice gave, according 
to this scheme of analysis, the following figures : 


Weight of juice. 


Per cent. 
Total mitrogen......cccececcceccccsecccscccccccces voce 0.034 
Nitrogen in cupric hydroxide precipitate.............. 0.023 
Nitrogen in phosphotungstic acid precipitate.......... 0.005 


In attempting to determine the character of the nitrogenous 
compound thus precipitated by phosphotungstic acid, I at first 
adopted the usual method of decomposing this precipitate by 
digesting with barium hydroxide or carbonate, or milk of lime. 
By this method I found that salts of a fatty acid were invariably 
formed, and in order to isolate the body from which the fatty 
acids were evidently formed by decomposition, I adopted the fol- 
lowing method. The precipitate produced by phosphotungstate 
of sodium, after being well washed by a solution of the precipi- 
tant, was nearly dried over sulphuric acid at the temperature of 
the laboratory, mixed to a paste with dry sodium carbonate, and 
extracted with ninety per cent. alcohol; which resulted in a dark 
red solution. The alcohol was removed by distilling in a 
vacuum, and the residue taken up with a small quantity of 
water. The watery solution, which was dark red and turbid, 
was agitated several times with ether. The resulting ethereal 
solution was light yellow in color, and after evaporation of the 
ether there was left a light yellow, translucent, wax-like solid, 
with all the physical properties of the lecithins, containing 
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nitrogen and phosphorus, and decomposing by alkalies into fatty 
acids, glycerophosphoric acid, and an alkaloid or alkaloids. 

Sugar-cane lecithin was proved to give more than one fatty 
acid, on decomposition, by the following method: The barium 
salts obtained by digesting the lecithin with barium hydroxide 
were decomposed by sulphuric acid, the free fatty acids sepa- 
rated and precipitated by lead acetate. The resulting lead salts 
were agitated with ether, when a portion was dissolved, and from 
the portion so dissolved free oleic acid was obtained. From the 
portion of lead salts insoluble in ether free fatty acids were 
obtained which were solid at the ordinary temperature with a 
melting-point of 65° C.; probably a mixture of palmitic and 
stearic acids. It isthus shown that the lecithin of sugar-cane is 
a mixture of several lecithins. Schulze and Likiernik have 
shown this to be the case with the lecithin of vetch and lupin 
seeds.' 

I have not yet determined the proportions of different fatty 
acids yielded by any sample of sugar-cane lecithin. 

The alkaloid body resulting from the decomposition of sugar- 
cane lecithin by barium hydroxide I found to be a mixture of 
betaine and choline. In separating these bodies the method 
of Schulze and Frankfurt? was followed. The precipitate 
obtained with phosphotungstic acid was treated in the cold with 
milk of lime, filtered, excess of lime precipitated as carbonate, 
and the solution neutralized with hydrochloric acid, evaporated 
nearly to dryness, and extracted with ninety per cent. alcohol. 
To this solution an alcoholic solution of mercuric chloride was 
added, and after several days the double chlorides of mercury 
and the alkaloids which had been thrown down were removed 
and decomposed by hydrogen sulphide. The resulting hydro- 
chlorides, on treatment with absolute alcohol, were separated 
into a soluble and an insoluble portion, proving the presence of 
both choline and betaine. From the soluble portion choline 
platinichloride, containing 10.2 per cent. platinum, was pre- 
pared. 

Whether choline and betaine exist in sugar-canein a free con- 
dition, or whether they have been obtained wholly as decompo- 


sition products of lecithin, I am as yet not prepared to say. 
1 Ber. d. chem. Ges., 24, 71. 
2 Jbid., 26, 2151-2155 
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The usual method of estimating lecithin is to convert the 
phosphorus contained therein into phosphoric acid by fusion 
with carbonate of sodium and potassium or with sodium carbon- 
ate and potassium nitrate, and determination of the phosphoric 
acid in the usual way by precipitation with ammonium molyb- 
date and magnesium mixture, and calculating to lecithin from the 
known per cent. of phosphorus: distearyl lecithin containing 
8.798 per cent., phosphorus pentoxide being taken as the type. 

The lecithin obtained in the manner already described from a 
number of samples of raw cane juice, and the phosphorus pent- 
oxide estimated in the usual manner, gave, using the factor for 
distearyl lecithin, a quantity of lecithin representing a much less 
quantity of nitrogen than was contained in the phosphotungstic 
acid precipitate. Of the two conclusions to be drawn from this— 
that there were other nitrogenous bodies in the precipitate, or 
that the lecithin was imperfectly separated by the method used— 
both are true. I have always found the residue from the 
extraction with etherto contain nitrogen, but I have not yet been 
able to determine the nature of the body in question. A large 
portion of the phosphotungstic acid precipitate is made up of a 
coloring-matter of a glucosidal nature, free from nitrogen. 

In itself, there is nothing noteworthy in the isolation of leci- 
thin from sugar-cane any more than there would be in proving 
the presence of an amid in this plant or any other vegetable 
product ; for it is generally believed that lecithins like the 
amids are normal constituents of all plants during some period 
of their growth. In this instance there are, however, several 
points connected with the manner of its isolation, which are of 
interest to the analyst. 

It has been customary with some chemists in stating the 
analyses of the nitrogenous constituents of plants free from alka- 
loids, to give the total and albuminoid nitrogen actually deter- 
mined, and to designate the difference between these as amid 
nitrogen. ‘This plan has often been adopted in stating analyses 
of sugar-cane, and I have several times published analyses of 
cane according to this method. The error of this is seen on 
referring to the analysis already given, in which the difference 
between the total and albuminoid nitrogen is 0.011 per cent. 
This would ordinarily be designated amid nitrogen, but phos- 
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photungstic acid, which we know does not precipitate amids, 
precipitates 0.005 per cent. nitrogen, leaving only 0.006 per 
cent. as possible amid nitrogen. In some samples of juice I 
have found that this error would-be much greater; ¢. g., a sam- 
ple of raw juice gave : 


Per cent. 
Total nitrogen Re Sense eeenerwures <ccmiaeae enetseeuweswe 0.033 
Albuminoid nitrogen ........ccccsscccce cscs cccccccecs 0.018 
Nitrogen precipitated by phosphotungstic acid........ 0.014 


leaving a difference of only 0.oo1 per cent. as possible amid 
nitrogen, which according to the plan usually adopted would be 
stated as 0.015 percent. 

Again, the designation of the nitrogen in the phosphotungstic 
acid precipitated as peptones, is in the case of sugar-cane erro- 
neous. I have repeatedly examined this precipitate for peptone 
nitrogen and have found none; and if such nitrogen exists in 
mature cane it must be very small in amount. ‘ 

The ease with which lecithin breaks up on treatment with 
alkalies should be kept in mind by the analyst if he is to ascer- 
tain what bodies actually exist in the plant examined. No 
doubt in many cases, when choline and betaine have been 
reported as present in plant products, they have been present 
not as such but in the form of lecithin, which has been broken 
up in the course of analysis. 

To the physiologist lecithin is one of the most interesting and 
important compounds. The réle of phosphoric acid in plant 
growth and the connection of lecithin therewith is an obscure 
one, and although sugar-cane responds freely to phosphoric acid 
fertilizers, it seems to me that the part which lecithin plays in 
plant life can be more advantageously studied in connection 
with other plants of quicker growth and containing smaller 
amounts of soluble carbohydrates. 

To the sugar manufacturer the presence or absence of leci- 
thin in cane juice can, owing to the small amount ever present, 
make very little difference, either in the working of the juice or 
in the vield of sugar obtained. 

It is a property of lecithin to be precipitated with other pre- 
cipitates when it would not be precipitated alone, so that it is 
probably partially removed from cane juice in clarification. I 
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have, however, obtained lecithin from refuse molasses, showing 
that part, at least, of that originally present in the juice had 
escaped precipitation and decomposition during the treatment of 
the juice in the sugar house. 

The ease with which lecithin is decomposed has suggested 
one point of interest to the sugar manufacturer. Cane juice is 
generally concentrated to a syrup in a multiple effect evapora- 
tor, the first cell of which is heated by exhaust steam from the 
engines ; the second and succeeding cells are heated by steam 
from the boiling juice in the preceding cell. The inner orsteam 
side of the drums or coils of these cells soon becomes coated 
with grease which, if not removed by treatment with alkali, 
lessens the efficiency of the evaporator. The grease in the first 
cell is, of course, derived from the oil in the exhaust steam, but 
that in the second and succeeding cells can be derived only from 
the boiling juice. It no doubt is derived in part from fats and 
wax naturally occurring in sugar-cane, but also no doubt due in 
part to the decomposition of lecithin and the carrying over of 
the freed fatty acids with the steam. This decomposition takes 
place slowly in boiling neutral solution ; in alkaline solution it 
is very rapid. 

The work done so far on the lecithins of sugar-cane, outlined 
above, I regard as preliminary, and have in view the following 
objective points : 

1. A more accurate determination of the lecithin present in 
mature cane supplemented by determinations of the amounts in 
cane at different stages of growth. 

2. An accurate determination of the amounts and kinds of 
fatty acids yielded by sugar-cane lecithin and thus indirectly the 
amounts of different lecithins. 

3. An estimation of the amounts of choline and betaine in 
mature cane and a decision as to whether they ever exist free or 
are only obtained as decomposition products of lecithin. 
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A REVISION OF THE ATOMIC WEIGHT OF ZIRCONIUM. ' 


By F.. P. VENABLE. 
Received January 6, 1898. 


I. PURIFICATION OF THE MATERIAL. 

REPARATORY to entering upon the revision of the atomic 
P weight of zirconium, a study was first made of the best 
method of decomposing zircons and securing pure preparations.* 
The pulverized zircons were fused in nickel crucibles with sodium 
hydroxide and sodium fluoride. The melt was washed, dis- 
solved in hydrochloric acid and filtered from some of the silica 
and from undecomposed zircon. ‘This filtrate was evaporated 
to dryness to render the silica insoluble, again dissolved in 
diluted hydrochloric acid and filtered, and this was re- 
peated two or three times. The further purification con- 
sisted in precipitation by ammonium hydroxide, washing, 
and re-solution in hydrochloric acid, following by repeated crys- 
tallizations from boiling concentrated hydrochloric acid. After 
it had been thus purified it was found that traces of silica were 
still present. ‘To remove these, the chloride was dried, ignited, 
and the powdered zirconia was again and again treated with 
hydrofluoric acid. After driving this off the zirconia was again 
melted with potassium hydroxide (purified by alcohol), taken 
up with hydrochloric acid and subjected once more to crystalli- 
zation from strong hydrochloric acid. These crystallizations 
varied in number from twenty to thirty odd, and if those which 
preceded the second fusion are to be taken into account, 
exceeded sixty in all. Just before using in the series of deter- 
minations of the atomic weight, this purified chloride was fil- 
tered by means of an unglazed porcelain suction filter which had 
been cleaned by boiling for several days in strong hydrochloric 
acid and then standing three days in fresh cold hydrochloric 
acid. The last acid was entirely free from color. This filter 
was kept under distilled water when not in use. The filtration 
had to be carried out with hot solutions, but the liquid was not 

in contact with the filter more than five or six minutes. 
When this work was undertaken it was believed that the sub- 


stance under examination was zirconium tetrachloride. This 


1 Read at the Washington Meeting. 
27, Anal, Appl. Chem., 5, 551-554. 
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belief was based on the work of Linnemann and upon my 
own determinations of the zirconia, these agreeing fairly well 
with the amount required for ZrCl,. At the close of the deter- 
minations of zirconia recorded later, some determinations of the 
chlorine present were made and were found not to agree at all 
with the amount requisite for the supposed formula. The mat- 
ter did not seem easy of explanation, and the work was laid aside 
until time could be gotten fora more thorough study of this 
body. My study of the oxychlorides of zirconinm has shown 
that there are at least three : 

ZrOC1,.3H,O when crystallized from strong hydrochloric acid. 

ZrOCl1,.8H,O when crystallized from water. 

ZrOC1,.6H,O when precipitated by hydrochloric acid from an 
aqueous solution. 

All of these, dried in a stream of hydrogen chloride at 100°- 
125°, have the formula ZrOC1,.3H,O, and this water is lost only 
by heating from 180° to 210°. 

The liquid filtered as above is clear and bright and soon begins 
to deposit groups of needle-like crystals, or it crystallizes to a solid 
mass ifalarge amount ofthe salt ispresent. Inseveral cases the 
crystallization was repeated two or three times from acid after 
this filtration, but no perceptible difference was made in the 
results. These crystals take up a considerable amount of acid 
which cannot be drained off. In this acid they easily melt, and 
if the excess is removed under a stream of hydrochloric acid gas 
the chloride can be gotten in the form of a dry white powder. 
The oxychloride can be thus dried without decomposition under a 
stream of hydrochloric acid gas at the temperature of 100°-125° 
C. to ZrOCl,.3H,O. As the difficulty in drying this salt was the 
main stumbling block in the way of previous workers, interfer- 
ing with its use for atomic-weight work, the removal of this 
obstacle seemed to place it among the most suitable of the com- 
pounds to be used forthe purpose. A full account of the exami- 
nation of the chlorides will be published shortly. Other 
compounds have been examined also in the progress of this 
work, and though they may be used hereafter, they have seemed 
to me to present more difficulties than the chloride, and so this 
has been taken first. 
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PREVIOUS DETERMINATIONS OF THE ATOMIC WEIGHT. 


It is perhaps best to give here a brief outline of previous 
determinations of the atomic weight of zirconium. Six such 
series have come under my notice. In three of these the sul- 
phate was used, and in the others the chloride and the double 
fluoride of zirconium and potassium were used, and in one the 
selenate. 

The determinations of Hermann,’ by means of the chloride, 
can be dismissed as untrustworthy, because of his failure to 
overcome the difficulties inherent in the use of the chloride as 
shown by Bailey’s work and my own. 

The work of Marignac upon the double fluoride I am not in a 
position to criticise properly, except in so far as to say that his 
analyses are not very numerous, and that they show a range of 
nearly three units in the atomic weight. 

In 1825 Berzelius ignited the sulphate and gave six determi- 
nations of the ratio of the sulphate to the oxide. Insome of the 
experiments he also precipitated the zirconium hydroxide by 
means of ammonium hydroxide and determined the sulphuric 
acid in the filtrate by precipitation with barium chloride. 

Mats Weibull also used the sulphate and reports seven 
experiments with an entire consumption of 8.2335 grams. 
Bailey’s own determinations number eight, using in all more 
than sixteen grams. He gives full data as to his work, and it 
is well done and merits very careful attention. The following 
table is copied from his article.” The figures have been recal- 
culated to the basis of O = 16. 


Mean. Maximum. Minimum, 

Zr: Cl 88.77 see tees Hermann 
ZrO, : HCl 90.14 90.98 89.29 Hermann 
K,ZrF, : K,SO, 90.53 92.80 90.06 Marignac 
ZrO, : K,SO, 90.64 91.26 90.24 Marignac 
K,ZrF, : ZrO, 90.8 91.3 89.9 Marignac 
Zr(SO,). : ZrO, 89.45 92.65 89.27 Berzelius 
Zr(SO,), : ZrO, 89.48 90.38 89.13 Mats Weibull 
Zr(SO,), : ZrO, 90.65 90.78 90.46 Bailey 


It is manifest that the determinations based upon the ignition 


of the sulphate are the only ones worthy of further attention. A 


1 J. prakt. Chem., 31, 77 
2 Chem. News., 60, 17. 
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brief criticism of these is necessary. First, as to Mats Weibull, 
Bailey says that the temperature used by him in freeing the 
sulphate from the excess of sulphuric acid was some 50° too 
low. This would of course give him variable and low results. 
Berzelius does not give exact data as to temperature used, but 
he seems to have heated the sulphate too high in driving off the 
excess of acid. Possibly more stress is to be laid upon the 
question of the purity of his sulphate and the correctness of the 
assumption that he had in hand the normal sulphate. 

Bailey concludes from his experiments that the sulphate is 
stable up to 400° C., and that the excess of sulphuric acid can 
be completely driven off by the use of a temperature between 
this and 350° C. He further states that a mixture of the salt and 
free acid, as prepared by him, when heated to this temperature 
until constant, yields the normal sulphate. It must be said that 
he gives no proofs of this beyond the amount of zirconia found 
in his atomic weight determinations. 

Whilst certain criticisms of the work of Bailey have occurred 
to me, I will refrain from mentioning them until I have had 
opportunity to repeat his experiments and so make myself more 
familiar with the details of his method. 

One criticism I can venture upon now, however. I doubt 
whether it is possible to ignite, without loss, zirconia along with 
ammonium carbonate, as was done by Berzelius and by Bailey 
to remove the “‘ last two or three milligrams of sulphuric acid.’’ 
I have not ventured to use this method in getting rid of the 
chlorine which is held just as tenaciously as the sulphuric acid, 
as I feel sure that it could not be done without loss. Bailey 
adopted extraordinary precautions to prevent this loss, but it 
seems to me that it is not the currents of the external atmosphere, 
as he maintains, which are to be most avoided, but the mass of 
escaping vapor of theammonium salts. It is easily possible for 
him to have lost several milligrams of the finely divided zirconia 
in his way, and as he states, each milligram was equivalent to 
a variation of 0.25 in the atomic weight. 


THE WEIGHINGS. 


In the following experiments the amounts of substance used 
varied from one to five grams. ‘To avoid the disadvantage of a 
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small error causing a large variation in the result, I would gladly 
have used larger amounts of the chloride, but many difficulties 
met me there. The purification of the zirconium chloride is 
slow and costly. It is best carried out in small portions of a few 
grams at atime. Some fifty grams have constituted the stock 
at my command. The drying of large portions and the subse- 
quent ignition would be exceedingly tedious and time-consu- 
ming, besides requiring such apparatus as could not be well 
afforded. Five orsix grams have been about the largest amounts 
that could be well handled at one time. Even such an amount 
as that required from sixteen to twenty days for the completion 
of the experiment. It could not safely be hurried through in 
shorter time. 

The weighings were carried out upon an excellently con- 
structed Sartorius balance, intended for a load of 200 grams. 
The heaviest apparatus used weighed less than sixty grams. 
The weights were corrected by one which had been compared 
with the standard at Washington. All objects were weighed 
against a tare of as nearly the same size, form, and weight as 
possible, all of the flasks, crucibles, etc., being made in pairs. 
This partly avoided the necessity for a reduction of the weigh- 
ings to a vacuum and corrections for moisture, pressure, etc. 
Such corrections would have had little meaning in comparison 
with the other inaccuracies of the process and manipulation, and 
could only serve to give a false appearance of excessive accu- 
racy. The objects were left one-half hour in the balance-case 
before weighing, experiments having shown that this time was 
sufficient. Of course the adjustment of the balance was care- 
fully watched, and the balance, which has been used very little, 
was put to no other use during the progress of these experi- 
ments. 

METHOD OF WORK. 


The purified chloride was introduced into a small glass flask 
having a capacity of 100 cc. This was provided with a glass 
stopper ground to fit, and also a second one with two tubes 
arranged for the passage of the hydrochloric acid gas. The 
arrangement of the tubes was similar to that in an ordinary 
ether wash-bottle, though both tubes outside were bent down- 
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wards and had little bulbs blown in them for catching moisture, 
etc. A Thorner bath was found to be very convenient for keep- 
ing these flasks at 100°C. The hydrochloric acid was prepared 
by allowing sulphuric acid to drop into a large flask containing 
the hydrochloric acid. The gas thus obtained in a regular 
stream, was passed through a wash-bottle containing sulphuric 
acid and then through towers filled with glass beads kept moist 
with concentrated sulphuric acid. 

The drying took from fifty to one hundred hours (in some ex- 
tremecases). Ifthe stream of gaswasrapid the temperature could 
rise to 110° or even higher without decomposition of the chlo- 
rine. A much lower temperature caused this decomposition if 
the stream was insufficient to keep the flask full of gas. A num- 
ber of experiments were carried out showing these facts. Indeed, 
two in the series of determinations were lost by the stream of 
gas becoming too slow or altogether ceasing for a short while. 
(Experiments VI and VIII.) It was thought from experi- 
ments at first that where this decomposition had begun it was 
impossible to secure a constant weight of the residue, but this is 
certainly not true where the decomposition has been only slight. 
Of course this introduces a chance for error inthe method. The 
drying must be watched quite closely, and not more than eight 
or ten hours of drying could be easily managed in a day. 

At first it was feared to remove the atmosphere preparatory to 
weighing, and efforts were made at weighing the flasks full of 
hydrogen chloride. These results were too low and varied among 
themselves, so that it was evidently impracticable to carry out 
the experiments inthisway. It wasfound that the hydrochloric 
acid could be replaced by dry air. The flask was removed from 
the bath and dry, pure air passed through it for half an hour. 
It is of course essential that the air be carefully dried. The tubes 
are then removed and the glass stopper quickly fitted in its 
place. It is then ready for placing in the balance-case. The 
chloride is deliquescent and some trouble in weighing was 
experienced. If the stopper was well ground there was no 
appreciable change in the weight in from twenty to forty min- 
utes after placing upon the balance. The loss of weight in the 
latter part of the drying was very slow. The weighings were 
taken at intervals of from six to eight hours’ heating. The num- 
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ber of weighings necessary before constancy was secured served as 
a safeguard against error. A series of such weighings is given 
further on. 

After drying, the chloride was dissolved in a small amount of 
water (redistilled) and this solution, with rinsings, transferred 
toa platinum crucible. It was evaporated to dryness upon a 
water-bath, with due precautions against dust, etc., was next 
heated gradually upon a sand-bath until most of the chlorine had 
been driven off, and was then slowly raised to the highest tem- 
perature attainable by the Bunsen burner. During this latter 
part of the operation the cover was kepton. ‘Three or four days 
were thus consumed, the gradual heating giving a coherent 
flinty mass of glistening semi-translucency which could be safely 
heated by the water-blast without loss. During the driving off 
of the chlorine the platinum crucible was more or less attacked, 
but as this was before the lid was on, there was little chance of 
loss from this source. This corroded platinum was probably the 
reddish-brown decomposition product mentioned by Bailey as 
coming from the ignition of the oxychloride. 

The last of the chlorine was driven off by heating with a water- 
blast for from forty-five to seventy hours. The last weighings 
were made at intervals of from six to twenty hours and were 
recorded as constant if they agreed within 0.00005 of a gram. A 
series of weighing is here given as anexample. Experiment 
No. II, or the first one successfully carried out in the series, is 
taken for the purpose. 


Weights of zirconium chloride: March 28....-...-.. 5.25910 
‘< “c “c “c 6e 29 ecccccccoce 5.25786 
“ “ “ “ CC (Opa naccecee 5.25760 
“ “ “ “ April L-seeeeeeees 5.25762 
Weights of zirconium oxide: April 11...-- +++. +e+e0- 2.78759 
&< “ “ “ AO! Bae acu aaawea eens 2.78724 
‘ «“ “ “6 3 | 2.78583 
‘ “ «“ ‘ 66 15+ cece cece ceeece 2.78517 
“ “ “ “ GO ee eeeeweaene 2.78452 
‘ ‘6 “ce $6 = | ye 2.78451 


This zirconia was examined for chlorine in most of the analy- 
ses and was found to be free from it. In the last three experi- 
ments reported in the series, the ignited residue was treated with 
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hydrofluoric acid. Ignition after this treatment was very diffi- 
cult, as the mass was not compact and coherent. The finely 
divided zirconia was lost in spite of the most careful treatment. 
The first was lost altogether and the weighing was not carried 
out. The second showed, upon the lid, signs of the powdered 
zirconia having been swept out. The total loss of weight, how- 
ever, was less than one milligram. This could readily be 
attributed to the zirconia and pointed to the absence of silica 
unless in insignificant traces. 

I think great purity may be claimed forthe preparations used 
in the analysis. Crystallizing from hot hydrochloric acid is apt 
to remove most known impurities, and they were eliminated 
beyond the possibility of detection by the ordinary tests. The 
analyses were not made from the same preparation, but from 
small quantities prepared at different times and some crystal- 
lized ten or a dozen times more than others, yet no appreciable 
difference could be detected in the results. That these results 
are not in close accord with one another, is due in part tothe 
deliquescence of the chloride and to the risks involved in the 
prolonged heating of the oxide. 


SOURCES OF ERROR. 


Five main sources of error have occurred to me apart from 
any question as to the purity of the material. 

1. The deliquescence of the chlicride. 

2. The loss of the finely divided zirconia. 

3. The corrosion of the platinum crucibles. 

4. The attack of the glass flasks by the gaseous and liquid 
hydrochloric acid. It is very evident that the glass vessels 
would suffer when subjected to the action of hydrochloric acid 
during such prolonged periods. The weighings easily revealed 
the extent of this action. It was found to vary with different 
flasks. For instance, flask I lost 0.00116, 0.00031, 0.00023, and 
0.00078 gram. On the other hand, flask IV weighed after the 
first experiment only 0.00011 gram less, and after the next two 
experiments the loss was 0.00013, and the total loss during three 
experiments was 0.00024. This is probably transferred mainly 
as alkaline chlorides to the crucibles and is there volatilized. 
Sodium could readily be detected upon the lid of the crucible 
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after partial ignition. Of course if all is volatilized then no 
error is introduced into the experiment, but there may be some 
non-volatile material also transferred from the flasks. The total 
amount is so small that the error cannot be a large one. 

5. Substances carried into the drying flasks by the stream of 
gas. Much care was taken toavoiderror from this source. The 
main danger lay in the necessity for the use of some rubber con- 
nections. Vulcanized rubber was used. It was freed from 
excess of sulphur and was replaced by fresh pieces when 
attacked by the gas. The dry gas does not attack rubber very 
rapidly. Gaseous sulphur compounds, coming from the sul- 
phuric acid, used in preparing and drying the hydrogen chloride, 
were probably carried through the drying flasks, but there seems 
to be no probability of their causing a decomposition of the oxy- 
chloride. 


THE DETERMINATIONS. 


All analyses which were completed under the proper condi- 
tions of the method, as already given, are here reported. 
Experiment III became contaminated from the iron support dur- 
ing the prolonged heating and came out consequently a little 
high, giving the ratio of ZrO, : ZrOC1,.3H,O as 53.12. In most 
of the subsequent analyses the ignition was carried out with the 
crucible suspended in a platinum wire cage from a glass sup- 
port. Experiments VI and VIII were dried with an insufficient 
stream of gas, as already stated, and hence were partially 
decomposed. They gave 53.57 and 53.8, respectively. The 
remaining analyses follow : 


ZrOClq.3H,O. ZrOg. Ratio. 
IT scccccccvcceces ovccee 5.25762 2.78450 52.961 
TV wsiceeewle vaconmeneeee 3.53994 1.87550 52.981 
V pssave aceseewccenmes ee 3.25036 1.72435 53-051 
MEL svcand sbbuvesaueetas 1.52245 0.80708 53-012 
TX occcccccccccceccccess 2.98802 1.58274 52.969 
>. See eee 2.11371 I.11920 52.949 
Wliciwccancae snecaoewes 2.48138 1.26161 52.978 
D0 | COC ree 1.00958 53-055 
MEU cavce sich oun ocinnna 2.61847 1.38658 52.954 
SEW s'cancleenne wins veces 1.07347 0.56840 52.951 





26.64828 14.11953 52.986 
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Calculating these for the ratio ZrOC1,.3H,O : ZrO,, taking H= 
1.008, O= 16, and Cl= 35.45, we have the following : 


Maximum ratio....-- 53-055 Atomic weight...... gI.12 
Mean Oh <aiaiew 52.986 ee Why ihe lgiecaners 90.78 
Minimum ‘“ ..-«--- 52.951 - ey sieseas 90.61 


The atomic weight as determined by Bailey is 90.65. The 
mean value given in Clarke’s Recalculation is 90.40. I purpose 
repeating the determinations with the oxychloride, with such 
modifications as have occurred to me since the completion of the 
above work. 


UNIVERSITY OF NORTH CAROLINA. 


THE SURFACE-TENSIONS OF AQUEOUS SOLUTIONS OF 
OXALIC, TARTARIC, AND CITRIC ACIDS. 


By C. E. LINEBARGER. 





Received January 5, 1898 

N the determination of the surface-tensions of the solutions of 
| citric, oxalic, and tartaric acids, the apparatus described in 
a previous number of this Journal' was employed. The ‘‘appa- 
ratus constant’’ was ascertained directly before and after a series 
of determinations, Ramsay and Shields’*® data for water being 
taken as the standard; the variation, when there was one, which 
seldom happened, affected only the decimal places after the 
second. At least five readings of the adjustment of the tubes 
were made for every solution, and their average taken. The 
specific gravity of the solutions were determined to one or two 
figures in the fourth decimal place and were referred to water at 
temperature of its maximum density. 

The thermometer had been tested by the Physikalische 
Reichsanstalt, at Berlin, and found to be without appreciable 
error in the neighborhood of 20°. 

The acids were the purest obtainable and were recrystallized 
once or twice. 

The solutions were prepared by dissolving the solid acids so 
as to form almost saturated solutions, and then diluting this 
stock solution ; their surface-tensions were measured very soon 
after they were made up, although it was found that that phys- 


1 This Journal, 18, 514. 
2 Zischr. phys. Chem., 14, 471. Surface-tension for water at 15° was taken to be 71.27 
dynes per cm. 
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ical property did not alter with time, provided the ‘solu- 
tions were hindered from evaporation; enough solutions to 
clearly determine the curve for each acid were investigated. 

The percentage composition of the solutions were taken from 
the tables of specific gravities prepared by Gerlach. 

The following tables contain the data which are represented 
graphically in Fig. 1; the curve for oxalic acid is raised a little 
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so as to make its origin coincide with the origin of the other 
curves ; this slight shift has no appreciable influence on the shape 
of the curve. 


SURFACE-TENSION OF OXALIC ACID SOLUTIONS AT 17.5°. 


Specific gravity Distance be- Surface-ten- 
Per cent. Apparatus’ referred to water tween ends sion in dynes 
acid constant. at 4°. of tubes. percm. 
1.53 1.275 1.0087 54.15 70.65 
2.gI 1.275 1.0152 53-7I 70.55 
4.33 1.275 1.0243 53-21 70. 34 
9.13 1.275 1.0323 52.25 69.85 
SURFACE-TENSION OF TARTARIC ACID SOLUTIONS AT 15°. 
18.18 1.278 1.0870 50.57 71.44 
33-33 1.278 1.1866 46.75 7a:i3 
50.05 1.278 1.2699 44.23 73.39 
53-32 1.278 1.2913 43-74 73.86 
SURFACE-TENSION OF CITRIC ACID SOLUTIONS AT 15°. 

6.12 1.268 1.0223 52.70 69.35 
8.03 1.268 1.0313 51.89 68.91 
18.05 1.268 1.0708 47.97 66.27 
29.96 1.268 1.1243 45.07 65.46 
at.E1 1.268 1.1301 44.72 65.41 
43.52 1.268 1.1865 42.3 65.17 
58.00 1.268 1.2656 39.62 65.19 
64.53 1.268 1.2990 38.55 65.18 
65.08 1.268 1.3011 38.50 5.19 
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The curves are quite different in trend. Oxalic and citric 
acids diminish in surface-tension as the concentration increases ; 
the limited solubility of oxalic acid does not permit of an 
extended comparison of the two acids, however. A curious fact 
about the curve for citric acid is its being rectilinear and parallel 
to the x-axis at concentrations varying between thirty-five and 
sixty-five per cent. ; within this range the surface-tensions of 
the solutions are independent of their concentrations. 

The curve for tartaric acid gradually rises, becoming steeper 
and steeper as the concentration increases. For moderate con- 
centrations it is approximately straight, which, for that matter, 
is the case with the other two acids also. 

The reasons for the peculiarities of these curves are probably to 
be sought in the possible molecular polymerization and undoubted 
electrolytic dissociation of the acids in aqueous solution; very 
complicated relationships are presented, which in the absence of 
other physical data on the subject, it would now be unprofitable 
to attempt to unravel. 





SODIUF1 PEROXIDE IN QUANTITATIVE ANALYSIS.' 
By C. GLASER. 


Received January 5, 1898. 

HEMPEL/’ and J. Clark® first proposed to use sodium 
Ww. peroxide in quantitative analysis. Hempel employed 
it for the oxidation of chromium, manganese, tungsten, and tin, 
and subsequent determination by known means; he also men- 
tions that sulphur is completely oxidized to trioxide. He further 
recommends the reagent for the decomposition of zinc-blende 
and galena. 

J. Clark recommends it for the estimation of sulphur, arsenic, 
and chromium, also for the separation of manganese from zinc, 
nickel, and cobalt. He states‘ thatthe action of sodium peroxide 
on coke and coal is too violent for analytical purposes. T. 


Spiller and S. Kalman’ use it on ferrochrome, chrome steel, 
1 A review of various propositions made since 1892. 
2 Ztschr. anorg. Chem., 1892, 3, 193-194. 
8 7. Chem. Soc., 1893, 1079. 
4 Jbid., 63, 1079. 
5 Chem. Zig., 17, 18. 
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chrome iron, and also sulphuretts. Poleck’ experimented on 
organic substances, as did J. Tafel.’ 

In 1894, M. Hoehnel and C. Glaser* made revised recommen- 
dations for the estimation of sulphur in pyrites. O. Kassner* 
states that iron is precipitated as hydroxide, but not changed 
into ferric acid, that on the contrary, solutions of ferric acid are 
reduced by sodium peroxide. He gives detailed statements con- 
cerning separation of chromium and manganese ; of the decom- 
position of freshly precipitated sulphides of antimony, tin, and 
arsenic. In 1895, L. Archbutt® reports an analysis of sodium 
peroxide, showing the presence of nearly one-half of one per 
cent. of iron and alumina in the commercial article. Alb. Edinger’® 
gives his experience in the determination of sulphur and chlo- 
rine in inorganic and organic combinations. M. C. Schuyler’ 
proposed to determine mercury in mercuric salts by reduction to 
metal with sodium peroxide. In 1897 S. W. Parr’ reports on the 
adaptability of sodium peroxide as a third group reagent in 
qualitative analysis, practically a review of the above-named 
publications, omitting quantitative features. 

The Chemiker Zeitung’ contains a second note of the author, 
suggesting some improvements in the determination of sulphur 
in pyrites and later the same author’® separated iron from alumi- 
num in phosphates and other minerals by means of sodium per- 
oxide. 

It may be in place here to state that the C. P. sodium peroxide 
of the trade has, as far as I have had occasion to test it, proved 
quite free from oxide of iron andalumina. It appears therefore 
probable that the article analyzed by Archbutt was a crude com- 
mercial product. 

I cannot confirm O. Kassner’s statement, that iron is not 
oxidized to ferric acid by sodium peroxide. If the reagent is 
added to a solution of an iron salt, without the precaution of 


1 Chem. Zig., 18, 103. 

2 Ber. d. chem. Ges., 27, 816. 

8 Arch. Pharm., 232, 222; Chem. Zig., 18, 1448. 
4 Arch. Pharm., 232, 226. 

5 Analyst, 20. 

6 Zischr. anal. Chem., 34, 362. 

7 Chem, Zig., 20, 1896. 

8 This Journal, 19, 341. 

9 Chem. Zig.,2t, No. 6. 

10 Jbid., 21, No. 69. 
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keeping the temperature of the latter sufficiently low, his state- 
ment holds good. But if this last condition is complied with by 
keeping the solution comparatively cool, a sufficient excess of 
the reagent will produce a perfect solution, as I have stated in 
the above, last-named paper. 

I desire especially to recur to J. Clark’s statement that the 
action of sodium peroxide on coke and coal is too violent to per- 
mit of use in analysis. I have used this reagent in a considera- 
ble number of coke, coal, and asphalt analyses for sulphur with 
perfect success, and I now present a short description of the 
method as I carry it out. 

The material to be analyzed is placed ina sufficiently large 
silver or nickel dish and covered with about four times its weight 
of sodium carbonate. Upon this a piece of sodium hydroxide is 
laid, about one-half the weight of the carbonate used. 

The dish is now moved carefully and slowly over a small flame 
until the gas generation subsides and a half-fused mass is 
obtained. Upon this mass dry sodium peroxide is now dusted 
from a porcelain or platinum spoon in small quantities at a time, 
always waiting until the reaction is over. This is continued 
until all carbon is burned away, when the mass, if necessary, is 
heated to perfect fusion. Usually this is obtained by the heat 
generated by the combustion in the dish, which, however, takes 
place so quietly, that no loss by explosion or spurting will 
occur. After this operation the determination of sulphur is 
carried to an end in the well-known way. 

I believe that this method will prove quite a relief to those 
chemists, who have to make many sulphur determinations in 
coke and coal, and who know the uncertain working of a fusion 
with potassium nitrate. At least it has been my experience 
that it is difficult to so regulate the temperature of the fusion as 
to avoid explosion with loss. Even the use of double crucibles 
has not always proved successful. The time required for the 
operation with sodium peroxide is quite short ; with coke about 
five minutes, with coal probably ten, while with asphalt, owing 
to the peculiar nature of the material, it will take a little longer. 

In analysis of chrome ores sodium peroxide does not appear to 
fulfil the hopes of those chemists who first proposed it. The 
oxidation is reported to be never perfect in one operation, which 
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makes the method more complicated and troublesome than a 
fusion with potassium nitrate and borax. 

This was to be expected, since even chromic salts in solution 
require more than one treatment with sodium peroxide before 
complete oxidation to chromic acid is effected. 

With this exception sodium peroxide has proved a very useful 
and convenient reagent, applicable in a great number and 
variety of cases. It ought to be, and no doubt will become, one 


of the standard reagents of a modern laboratory. 
BALTIMORE, DECEMBER 7, 1897. 


ADDITIONAL NOTES ON THE SUGAR-CANE AMID, 


By EDMUND C. SHOREY. 





Received January 8, 1898. 

N a paper on the principal amid of sugar-cane, which 
| appeared in this Journal, November, 1897, I gave the result 
of work done during the last grinding season on the amid pres- 
ent in sugar-cane. Since thenI have been able to correct some 
errors in the work done then, and have also obtained additional 
proof of the correctness of the conclusion reached that this 
amid is amidoacetic acid and not asparagin. 

The chief error in my former work which I wish to correct 
now, was with respect to water of crystallization. In the first 
examination of the crystallized sugar-cane amid it was found 
that the crystals, when well dried by pressing between filter- 
paper, did not lose weight during a short exposure to a temper- 
ature of 100° C. Subsequently it was found that the crystals, 
when finely powdered, lost water at 105°-110°C., and the aver- 
age of several determinations, drying until there was no further 
loss in weight, gave 10.72 percent. This, if we accept the for- 
mula CH,NH,COOH as representing the molecule of glycocoll, 
is equivalent to halfa molecule of water of crystallization. This 
was discovered too late to correct the error in my first paper. 

The samples in which nitrogen was determined were in all 
cases finely powdered and dried at 110° C. sothat 18.69, the per 
cent. of nitrogen stated, is that present in the amid after water 
of crystallization has been driven off. 

The presence of water of crystallization in the sugar-cane 
amid of course invalidates my statement that it contains the 
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same amount of nitrogen as asparagin: asparagin with one 
molecule of water of crystallization containing 18.66 per cent., 
while the sugar-cane amid with half a molecule contains 16.6 
per cent. nitrogen. I have recently made some determinations 
of the nitrogen in this amid, taking large clear crystals and 
drying merely by pressure between filter-paper. The average of 
four such determinations was 16.58 per cent. nitrogen. 

In concentrating the filtrate from mercuric sulphide there is 
sometimes deposited, before crystallization of the amid takes 
place, a small quantity of white powder. This, on separation 
and examination under the microscope, presented the appear- 
ance of leucine, and when heated on platinum foil with nitric 
acid and then with caustic soda the yellow color and oily drop 
characteristic of this body were obtained. Leucine is not pre- 
cipitated by mercuric nitrate and its presence no doubt has been 
due to some mercurous nitrate in the nitrate used. Spherules 
of leucine are apt to become incorporated in the crystals of gly- 
cocoll and may accompany it through several crystallizations, 
rendering nitrogen determinations, etc., inaccurate. 

The evolution of hydrocyanic acid, on acidifying with hydro- 
chloric acid after first heating with strong caustic potash, does 
not seem to be as satisfactory a reaction for glycocoll as at first 
appeared. In some instances I have obtained this reaction per- 
fectly, and again on portions of the same sample it has failed. 
It seems to depend on the strength of the alkali and length of 
time of heating, and also on other conditions which I do not yet 
understand. 

In the case of four samples of the sugar-cane amid I have 
distilled a known weight with a known excess of alkali, and 
received the distillate in successive portions of one cc. tenth- 
normal sulphuric acid, and measured each distillate. The 
actual figures obtained in one instance will best show what is to 
be learned from this. 

0.2227 gram sugar-cane amid was distilled with 150 cc. water 
containing 0.3770 gram sodium hydroxide. The distillate was 
received into successive portions of one cc. tenth-normal sul- 
phuric acid, the receiver being changed as soon as one cc. of 
acid was neutralized ; litmus was used as indicator. 
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The volume of first distillate was 36.0 cc. 


” a ** second “ ‘Sy Bea 
nN a ‘* third “ fea 
S *s ‘* fourth ne 3: yaa 
es ‘* fifth os oo “panes 
ne ‘* sixth “ . “Saeae 
vi “ ‘‘seventh ‘‘ oS eae 
. ay ‘* eighth ia **) Esa" 
2 ns ** ninth “ So Semee 


At this stage fifty cc. water containing 0.3770 gram sodium 
hydroxide were added and distillation continued. 
The volume of tenth distillate was 7.5 cc. 


" ‘*  ** eleventh si Gee“ 
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with only one-tenth cc. acid neutralized. As the distillation 
had been carried nearly to dryness and the evolution of ammo- 
nia very slight, the distillation was stopped. The total nitrogen 
set free as ammonia was 0.0169 gram, 7.58 per cent. or less than 
half that contained in the sample taken. This has been the 
general result obtained in other cases. The ammonia given off 
was small in amount until the alkali became concentrated, when 
the evolution was quite rapid, and approximately only half of 
the nitrogen was given off as ammonia, even when the distilla- 
tion was carried nearly to dryness. The residue from the dis- 
tillation with caustic soda was yellow in color, and, on being 
neutralized with hydrochloric acid, gave a jelly-like mass with 
brown flocks through it, and having the smell which is charac- 
teristic of the treatment of glue or fresh bones with alkali. This 
mass, when acidified with hydrochloric acid, gave off a small 
amount of hydrocyanic acid and resolved itself into a light 
brown solution with darker insoluble flocks floating through it. 
On filtering, neutralizing with ammonia, heating to boiling, and 
adding calcium chloride, a white precipitate was obtained pre- 
senting the characteristic microscopic appearance of calcium 
oxalate. 

In view of the accepted formula for glycocoll, CH,NH,COOH, 
that is, a molecule containing only one atom of nitrogen, its 
behavior when heated with alkali is somewhat puzzling. We 
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must conclude either that the alkali attacks some molecules and 
not others, or different molecules in a different manner, or that 
the formula given above is not correct. It has been suggested 
that this formula should be doubled, giving a molecule contain- 
ing two atoms of nitrogen, but a determination of the molecular 
weight by Raoult’s method has not confirmed this. At any 
rate, whatever the formula and whatever the reactions when 
heated with alkali, it is clear from the number and character of 
the decomposition products, ammonia, hydrocyanic acid, oxalic 
acid, and the brown insoluble matter, that the reactions are by 
no means simple. 

A much more satisfactory and conclusive test for the charac- 
ter of the sugar-cane amid I have found in the formation of 
hippuric acid from it and benzoic acid. The method of forming 
hippuric acid from these two bodies noticed in my first paper is 
one that requires heating to 160° C. in a sealed tube for ten or 
twelve hours. A much simpler and convenient method is by the 
action of benzoyl chloride on the amid. A watery solution of 
the amid is made slightly alkaline with caustic soda and ben- 
zoyl chloride added drop by drop, with constant shaking, until 
an excess has been added, and then made strongly alkaline with 
caustic soda. On cooling hydrochloric acid is added to strong 
acidity, when hippuric acid and the excess of benzoic acid are 
precipitated. These two acids are removed by filtration, sepa- 
rated by petroleum ether, and the hippuric acid crystallized from 
water. Ifthe solution is dilute the hippuric acid will not be 
completely thrown down by hydrochloric acid for some hours, 
but if sufficient time be given the yield of hippuric acid is very 
nearly theoretical. Ifa mere qualitative test is wanted, hippuric 
acid can be obtained from the sugar-cane amid by this method 
in ten minutes. The hippuric acid so obtained has been identi- 
fied by the microscopic appearance of the crystals; its sparing 
solubility in cold water, insolubility in petroleum ether, and 
solubility in acetic ether; also its behavior when heated and 
per cent. of nitrogen—seven and eight-tenths contained. Ihave 
obtained hippuric acid from horses’ urine, and after purification 
it is not distinguishable by any test, physical or chemical, from 
that obtained from the sugar-cane amid. 

The formation, then, of hippuric acid from the sugar-cane 
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amid is, I think, absolute proof that this amid is identical in 
constitution with glycocoll, z. ¢., amidoacetic acid. The ease 
with which the production of hippuric acid is brought about by 
the action of benzoyl chloride on the amid according to the 
equation 
C,H,COCI + CH,NH,COOH = C,H,CONHCOOH +HC1l, 

the purity of the hippuric acid obtained, and the ease with 
which it is separated, promise, I think, a simple and reliable 


method of estimating this amid in sugar-cane and its products. 


LABORATORY OF KOHALA SUGAR CO., 
KoHALA, Hawall, H. I. 


CORRESPONDENCE. 

DECEMBER 27, 1897. 

To the Editor of the Journal of the American Chemical Society : 
DEAR Sir: The great success of the Second International 
Congress of Applied Chemistry leads to the belief that the next 
one, which is to be held in Vienna in July, 1898, will also be 
numerously attended. Nearly 2,000 members were present at 
the Paris meeting, and it required five large volumes to contain 





the report of its proceedings. 

The undersigned have been appointed a committee in the 
United States, to promote the interests of the Third International 
Congress of Applied Chemistry, and beg leave to call the atten- 
tion of the chemists of this country to that meeting, with the 
hope that many may be induced to attend. Those who sub- 
scribe and receive their membership cards will be entitled to all 
reductions in rates going to and coming from Vienna, which are 
arranged for members of the Congress. During the Paris meet- 
ing, the French line of steamers reduced its rates thirty-three 
per cent. to members of the Congress. It is hoped that an 
arrangement can be made with some of the steamship lines dur- 
ing the coming summer for a similar reduction, although the 
committee has not yet been informed of any arrangement of this 
kind. 

The opportunity of meeting distinguished chemists from all 
parts of the world should not be lost sight of, and will doubtless 
be appreciated by the American members. ‘The scientific work 
of the Congress will be divided into the following sections : 
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Section 1. General analytical chemistry and apparatus, Dr. 
George Vortmann, Wien, IV Schaumburgergasse 16, chairman. 

Section 2. Food, medicinal and pharmaceutical chemistry, 
Dr. Ernst Ludwig, Wien, XIX Bilrothstrasse 72, chairman. 

Section 3. Agricultural chemistry, Prof. E. Meissl, Wien, II 
Trummerstrasse 3, chairman. 

Section 4. Chemistry of the sugar industry, Prof. Friedrich 
Strohmer, Wien, IV /2 Schonburgstrasse 6, chairman. 

Section 5. Chemistry of the fermenting industries, Prof. F. 
Schwackhafer, Wien, XIX Karl Ludwigstrasse 74, chairman. 

Section 6. Chemistry of wine-making, Dr. L. Rosler, Wien, 
Physiologische Versuchsstation, chairman. 

Section 7. Inorganic chemical industries (manufacture of 
sulphuric acid, soda, etc.), Herr Paul Seybel, Wien, III Reiss- 
nerstrasse 50, chairman. 

Section 8. Metallurgy and explosives, Prof. Franz Kupel- 
wieser, Wien, I Franzenring, chairman. 

Section 9. Organic chemical industries, Dr. Hugo Ritter von 
Perger, Wien, IV Gusshausstrasse 23, chairman. 

Section 10. Chemistry of the graphic industries (photo-chem- 
istry, photography, etc.) Dr. Josef Maria Eder, Wien, VII 
West Cohnstrasse 25, chairman. 

Section 11. Didactic chemistry, Prof. Franz Lafar, Wien, 
Technische Hochschule, chairman. 

Section 12. Electrochemistry, Dr. Karl Kellner, Hallein, 
Salsburg, chairman. 

All persons desiring to become members and wishing further 
information on the subject of the Congress can secure copies of 
the provisional reglement by addressing the chairman of the 
Committee, Washington, D. C. 

Excursions, visits to localities of interest, banquets, etc., will 
be arranged for and definitely announced at a later period. 
Papers in German, French, and English will be accepted, and 
authors are requested to communicate with the several chair- 
men and send them titles of papers and subjects which they 
would like to have discussed. 

All persons intending to become members of the Congress may 
receive a membership card from the secretary, Dr. F. Strohmer, 
by sending twenty-one francs to his address, IV / 2 Schonburg- 
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strasse, Nr. 6, Vienna, Austria. If preferred, members may 
send $4.30 to the chairman of the American committee, who 
will transmit the proper amount to Dr. Strohmer. 
The provisional officers of the Congress are as follows : 
President of Honor—Hofrath Prof. Dr. Alexander Bauer. 
Active President—Regierungsrath Dr. Hugo Ritter v. Perger. 
Professor in the Royal Imperial Technical High School of 
Vienna. 
Vice-President—Regierungsrath Dr. Josef Maria Eder, Direc- 
tor of the Royal Imperial Graphic School in Vienna. 
Secretary—Prof. Dr. F. Strohmer, Director of the Experiment 
Station for Beet-Sugar Industry, Vienna. 
Respectfully, 
H. W. WILEY, Dept. of Agriculture, Washington, D. C., Chairman. 
W. O. ATWATER, Wesleyan University, Middietown, Conn. 
PETER T. AUSTEN, II Broadway, New York. 
C. F. CHANDLER, Columbia University, New York, N. Y. 
B. F. DAVENPORT, 161 Tremont St., Boston, Mass. 
C. A. DOREMUS, 17 Lexington Ave., New York, N. Y. 
C. B. DupLEy, Altoona, Pa. 
W. L. DupLkry, Vanderbilt University, Nashville, Tenn. 
Wo. P. Mason, Rensselaer Polytechnic Inst., Troy, N. Y. 
Wn. McMurTRIE, I00 William St., New York, N. Y. 
C. E. MUNROE, Columbian Univ., Washington, D. C. 
A. A. NovEs, Mass. Inst. Technology, Boston, Mass. 
T. B. OSBORNE, Agr. Expt. Station, New Haven, Conn. 
IRA REMSEN, Johns Hopkins Univ., Baltimore, Md. 
W. B. RISING, University of California, Berkeley, Cal. 
EDGAR F. SMITH, Univ. of Pa., Philadelphia, Pa. 
F. G. WIECHMANN, 771 West End Ave., New York, N. Y. 
FRANCIS WYATT, 39 South William St., New York, N. Y. 
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CHARLES EDWARDS COLBY was born in Lawrence, Mass., 
October 18, 1855. He was a direct descendant of Anthony 
Colby, who came to this country from Beccles, England, with 
Governor Winthrop’s company, in 1630; and was also closely 
related to Captain Valentine Bagley, the subject of Whittier’s 
celebrated poem entitled ‘‘ The Captain’s Well. 

He early manifested an interest in electricity and chemistry, 


making a successful are lamp, when only fourteen years old, 
1 Read at the meeting of the New York Section, December 10, 1897. 
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from the movement of an old clock; and constructing magic 
lanterns, spectroscopes, and other physical apparatus, from the 
crudest of materials. In 1868 he came to New York City, and 
entered Grammar School No. 35, in West 13th St., then under 
the charge of Dr. Hunter, from which he graduated in 1872, and 
soon after went to Germany to study, returning in time to take 
the entrance examinations for Columbia College in 1874. His 
energy and ambition are well shown by his attempt to carry on 
three courses at once—civil engineering, mining engineering, 
and chemistry,—a privilege then allowed by the college, and 
which would undoubtedly have been successful but for an 
attack of pneumonia in 1876, which compelled him to relinquish 
for a time his chemical studies, but permitted the completion 
of the two other courses, and, on graduation in 1877, he was 
awarded the degrees of C.E. and M.E. 

He then accepted the position of Private Assistant to Profes- 
sor Chas. F. Chandler, and was engaged for several years, under 
Dr. Chandler’s direction, in many important investigations, 
especially in the field of organic chemistry. Among these 
investigations should be mentioned that of artificial alizarine, in 
connection with several suits brought into this country under 
the Graebe and Liebermann patent by the representatives of the 
Badische Anilin und Soda Fabrik, and which involved, first, the 
question of the identity of the artificial with the natural aliz- 
arine, and, later, the relations of flavopurpurine and anthrapur- 
purine to the original patent. There were also investigations 
upon the sulphanilic acid colors, naphthionic acid colors, thio- 
nin colors, the various sulpho acids of rosanilin, naphthol yellow, 
the composition of the archil imported into this country, the 
manufacture of chloroform from acetone, and many other simi- 
lar subjects. 

The ability exhibited in these researches led to his appoint- 
ment, on October 6, 1884, as a fellow in chemistry, and the 
separate instruction in organic chemistry was thereafter con- 
fided to him. On June 7, 1886, he was advanced to the grade of 
instructor in organic chemistry ; and on March 3, 1890, the 
chair of adjunct professor in organic chemistry was created for 
him, and this position he held at the time of his decease on 
October 15, 1897. 
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During these thirteen years of teaching and investigation, he 
has added very materially to our store of knowledge in his chosen 
sphere of activity, and many important researches have been 
carried on ia the laboratory of organic chemistry either by him 
personally, or under his immediate supervision. The produc- 
tion of the aromatic sulphoxides by the action of thionyl chlo- 
ride and aluminum chloride upon the hydrocarbons of the ben- 
zene series ; the preparation of aromatic nitriles from aromatic 
acids and fatty nitriles; the preparation of the amids of bibasic 
fatty acids by the interaction of the nitrile and the acid ; the pro- 
duction of the corresponding imids of the bibasic aromatic acids 
by heating together the acid and a fatty nitrile ; these, and many 
other organic researches, might be recalled in this connection. 

Professor Colby was a man of most versatile attainments, 
being not only a chemist of exceptional ability, but also an expert 
in physics, mathematics, mechanical drawing, and music. As 
a teacher, he was most careful and painstaking, devoting his 
entire time to his students, and assisting and encouraging them 
by every means in his power. His lectures were models of con- 
cise classification, and his explanations were always lucid and 
full. A deep and analytical thinker, thoroughly imbued with 
the spirit of the true scientist, which forgets all else in the 
search for truth, he inspired his students with much of his own 
enthusiasm, and finally sacrificed his life in the pursuit of the 
science he loved so well. 

It was most unfortunate that his physical equipment was not 
at all in keeping with the urgings of his ambition, and for the 
last few years of his life his constantly increasing weakness, 
brought on largely by overwork, practically debarred him from 
all laboratory investigation. In spite of his illness and the dis- 
tressing realization of the inability of the body longer to respond 
to the calls of the energetic and brilliant mind, he bore his suf- 
ferings with the most heroic and uncomplaining fortitude, and 
fought the battle bravely to the end. 

Columbia University, and the world of science, have suffered 
a very grievous loss in the death of this able and devoted scien- 
tist. MARSTON TAYLOR BOGERT. 


COLUMBIA UNIVERSITY, DECEMBER, 1897. 








NEW BOOKS. 
ELEMENTS OF ELECTROCHEMISTRY. By R. LUPKE. Translated by M. 
M. PAaTrison Murr. Philadelphia: J. B. Lippincott Co. 1897. vii + 

223 pp. Price, $2.50. 

We have used the German edition of this text-book in our 
class in electrochemistry and can heartily recommend it as the 
only book at all suitable for such purposes, and now the English 
translation has made it still more useful. Still, excellent 
though the book is, we cannot help wishing that Mr. Muir had 
written a new book, giving particular attention to the incom- 
parable experiments of Faraday on Electrochemistry, instead of 
making this translation. 

The book is somewhat overbalanced. ‘The osmotic theory, as 
illustrated by osmotic pressure, boiling-point, and freezing-point, 
occupy nearly forty pages. We found it far better to substitute 
a couple of lectures for this part. For the student of electro- 
chemistry the lectures were sufficient. 

The book opens with the Phenomena of Electrolysis. A num- 
ber of simple and instructive experiments are described, but we 
regret to note the absence of Faraday’s simple but elegant quali- 
tative experiments on this subject. Then follow chapters on 
Hittorf’s Transport-numbers, The Law of Kohlrausch, The 
Dissociation Theory of Arrhenius, Osmotic Pressure, Vapor 
Pressure of Solutions, Boiling-Points and Freezing-Points of 
Solutions, Summary, Aqueous Solutions of Electrolytes, Liquid 
Cells, Daniell Cells, Reduction and Oxidation Cells, The Solu- 
tion Pressures of the Metals, Intensity of Fixation and Polariza- 
tion, Irreversible Cells, Accumulators, and The Energetics of Gal- 
vanic Elements. Nearly all the subjects are illustrated by good 
and simple experiments, most of them of such a nature that 
the student can construct the necessary apparatus himself. 

C. L. SPEYERS. 
MANUAL OF QUALITATIVE CHEMICAL ANALYSIS. By THE LATE DR. C. 
REMIGIUS FRESENIUS. Authorized Translation by HoracE L. WELLS, 
M.A., Professor of Analytical Chemistry and Metallurgy in the Shef- 
field Scientific School of Yale University. New edition, thoroughly 
revised from the Sixteenth German Edition. New York: John Wiley 
& Sons. 1897. xvii+ 748 pp. Price, $5.00. 


In the present translation Prof. Wells has given to American 
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and English students an admirable reproduction of the last Ger- 
man edition of Fresenius’ work, which appeared in 1895. The 
plan laid down in the earlier German editions has been closely 
followed in all the later issues, and in the present version the 
changes consist mainly in additions to parts dealing with 
methods of detection and separation, and in the elaboration of 
details. These changes are, however, of such a character as to 
give a new aspect to the work. 

Few innovations are noticed in the chapters upon preparation 
and testing of reagents. 

The reactions of the common bases and acids are treated after 
the manner of the older editions, yet this part of the work has 
received important additions, and in the case of reactions already 
well known, the methods for their production are described with 
such increased attention to the details of experiment as toinsure 
greater accuracy of analytical results. Correctionsare made in 
formulas which have been long in use, while in other cases 
(e. g., the basic carbonates) definite formulas have been often 
purposely omitted. Many newer methods are cited for the 
separation of the metals of the various groups, and the student 
is given a greater scope for the exercise of judgment in select- 
ing a method adapted toa special case. The reactions of the 
rarer metals and their separation are discussed in a manner 
which reflects very satisfactorily the recent literature of the sub- 
ject. 

In the Systematic Course of Analysis important improvements 
are made in the details of methods which have long been favora- 
bly known. 

The chapter upon the Analysis of Simple Compounds (which 
was dropped in the last English translation) has been retained, 
although its value may be somewhat questioned. 

Qualitative analysis applied to water possesses less value than 
formerly, in view of recent advances in methods of water exami- 
nation. Nevertheless the process given for the purpose is very 
complete. 

Under Toxical Analysis the methods described for the detec- 
tion of arsenic and other poisonous metals are mainly those of 
the last edition. They are supplemented by an excellent dis- 
cussion of the purification of the reagents needed for such work. 
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Important improvements occur as regards methods for the detec- 
tion of phosphorus and of other non-metallic poisons. 

Abundant literature references give increased value to the 
entire work. The older system of equivalent weights, retained 
by Fresenius even in the latest German edition, has been wisely 
suppressed as serving no good purpose. 

The student of Prof. Wells’ book cannot fail to be impressed 
by its accuracy of statement and the painstaking care with 
which the directions given him are formulated. 

The work of the translator has been performed in a thorough 
manner, and it may be said that the new English version will 
be welcomed by chemists everywhere. F. C. PHILLIPS. 
THE PHARMACIST AT WORK. By WILLIAM C. ALPERS. Philadelphia: 

J. B. Lippincott Co. 1898. ix-+ 326. Price, $1.50. 

The usual review methods of scientific works are hardly 
applicable to this book. The story, in its outward features at 
least, is a story of the past and appeals with especial force to 
men who look backward in pharmacy. The preceptor and 
apprentice are before us again ; throughout twenty-four chapters 
and 326 pages, we are captivated by a pithy dialogue wherein 
the author not only treats of pharmaceutical manipulation and the 
chemical and physical principles underlying them, but also com- 
ments on many possibilites with which a pharmacist’s life is 
confronted, portraying with much refinement not a few of the 
frailties of human nature. From beginning to end, every page 
bears testimony to the author’s love for his art and the earnest- 
ness of the moral and ethical principles he advocates. 

Mr. Alpers, a typical German pharmacist, who came to 
America just after the Franco-German war, and who has thor- 
ough command of his subject, takes the opportunity to make some 
timely suggestions to modern druggists. He points out (p. 41) 
the great unknown in alkaloidal and Galenical chemistry as 
applied to pharmacy, and it is to be hoped that his earnest words 
will arouse many pharmacists who have the time but waste it 
by indifference to scientific thought. He informs the reader 
(p. 56) that tinctures are superior to tablets as medicine carriers, 
but he realizes also that tablets are so easily counted into a box 
without involving the ‘‘bother’’ of laboratory work, as to ren- 
der it possible that better preparations will suffer. 
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While considering plasters, pills, emulsions, decoctions, 
syrups, and other classes of preparations, the author instructs 
and interests not only the clerks whom he addresses, but any 
pharmacist who reads after him and wishes to refresh his mind 
orto learn anew. Scarcely a subject of value in drug-store 
manipulation but is well treated, and the errors detected in the 
book are trivial or typographical, such as the word carbonate 
(p. 197) instead of carbamate. The reviewer picked up the book 
in the expectation of a task in the ‘‘twice told tale ;'’’ he read 
it through with unalloyed interest, forgetting the task. It is a 
book for pharmacists to read, to think over, to read again; it is 
a book for the young druggist without an instructor, as well as 
'to refresh the mind of the teaching pharmacist who is an 
instructor professionally. Especially should it be read by those 
who are contented with the belief that the art of pharmacy has 
no higher standard than the counting out of factory-made pills 
and tablets. JOHN URI LtLoyp. 

A DICTIONARY OF CHEMICAL SOLUBILITIES, INORGANIC. By A. M. 
ComMEY. New York: The Macmillan Co. 1896. xx +515 pp. Price, 
$5.00. 

This new Dictionary of Solubilities is limited to substances 
not containing carbon, exception being made in the case of the 
carbonates, cyanides, carbon monoxide and disulphide, and a 
few others. While a complete compilation of data for all car- 
bon compounds would have delayed its appearance, it is to be 
regretted that the author did not include some of these which 
are of importance to inorganic chemists. A few pages devoted 
to the oxalates, acetates, citrates, tartrates, the commoner alco- 
hols and a few other organic compounds, would have added 
much to the value of the work without materially increasing its 
size; we are at a loss to understand why carbonyl chloride, 
nickel carbonyl, or an aromatic derivative like potassium car- 
bony! should be preferred to these. The plan of placing oxy- 
and sulpho-salts under the acid and other metallic compounds 
under the metal, has the precedent of use by some dictionaries 
of chemistry, but we think that classification under the negative 
radical in all possible cases would have been better as more con- 
sistent and as facilitating reference and comparison. There is 
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no very good reasons for classifying simple negative radicals in 
one way, and compound in another. 

The list of compounds seems to be tolerably complete ; we 
note, however, that paracyanogen and the dicarbide and oxy- 
carbides of silicons are omitted, while cyanogen and carborun- 
dum are to be found. Minerals are properly included, but 
unfortunately often without data. The plan adopted of giving 
‘chemical’ as well as ‘‘ physical’’ solubilities, is obviously the 
only one suitable from a practical standpoint. 

The author attempts in his preface to justify his course in giv- 
ing all available data without distinction as to reliability and 
without eliminating actual contradictions, on the ground that it 
would be impossible to test all the statements experimentally. 
This is quite true, but we cannot regard it as a sufficient excuse 
for the many superfluous and contradictory statements which 
have been admitted. One who writes a text- or handbook must 
use some discrimination if he would avoid appearing not only as 
a very poor chemist, but as a hack of the worst sort. We are 
told, for instance (p. 178), that free hydroxylamine is known 
only in solution, while just below de Bruyn is quoted, according 
to whom it is a crystalline solid. It is absurd to waste space on 
vague statements as to solubility (see H,, HNO,, H,SO,, and 
hundreds of others), when these are to be followed by numerical 
data. The space and cost of printing such superfluities might 
well have been devoted to giving solubility curves of the 
best studied substances. On the contrary, important data are 
often omitted. Muchis known ofthe solubility of water in, and 
its miscibility with, other liquids, yet the author’s data comprise 
but four lines, together with some vague generalities on its being 
the most universal solvent (p. 499). The works of Fleitmann, 
Maddrell, and others, on metaphosphates are fully abstracted, 
but no mention is made of the later, and in part revolutionary, 
work of Tammann. Nothing is said of the existence of two 
forms of magnesium pyrophosphate, differing in their behavior 
towards acetic acid, a fact of analytical importance. Many 
erroneous or ambiguous statements are to be found, which can 
only be attributed to carelessness. Thus, on pp. 148, 237, the 
didymium metals are written neod#dymium and praseo@zdymium ; 
hydroxylamine hydrochlorate is written hydroxylamine chloride 
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(p. 178) ; we are told (p. 316) that phosphorus is decomposed 
by water, dy nitric acid and dy alkalies, and similar statements 
are made concerning strontium (p. 385), and mercury (p. 225) ; 
phosphorus is said to be ‘‘easily soluble in PCI,,’’ which is not 
a case of ‘‘solid solution,’’ but the author’s way of stating the 
reaction between these bodies. ‘‘ Filtered rain water was found 
to contain 20 mg. Zn per 1.’’ (p. 501), instead of fo dissolve. On 
p. 471 both the properties and formulas of the thionyl and 
sulphuryl chlorides and amides are hopelessly confused. P,O, is 
said to dissolve in water, forming H,PO, (p. 318), instead of 
HPO... 

These faults, however, which can be found by scores, are far 
more pardonable from the practical standpoint than the author’s 
system of references. In a work of this kind the full reference 
for every statement which is not a commonplace, should be given, 
and repetition avoided by the use of foot-notes. No foot-notes 
are used here, and a large percentage of the data are given with- 
out quoting any authority or reference whatever. On nearly 
every page one finds the name of the authority given without 
reference to the original sources, even when no repetition would 
have been incurred and where the original must have been easily 
accessible, although the author says he has always consulted the 
original memoirs when possible. This omission is absolutely 
unjustifiable, though unfortunately not without precedent. In 
many cases data from different sources are grouped in one para- 
graph with a single reference at the end, in such a way as to 
make this appear to cover the whole ; thus, on page 317, Schiff 
is credited with all the solubility data of phosphorus pentachlo- 
ride, while in reality only the last mentioned is due to him. 

A dictionary of solubilities which one can consult with full con- 
fidence that he is getting the best information available, and 
which he can use as a guide to the original sources, is greatly 
needed, and it is to be regretted that the author has not taken 
more care with respect to the points above noted. Nevertheless, 
imperfect as it is, the work is extremely valuable, and in most 
cases will answer the practical requirements. The author has 
evidently devoted an enormous amount of labor to its prepara- 
tion, and he deserves the thanks of all working chemists. 

H. N. STOKES. 
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THE PRINCIPLES OF CHEMISTRY. By D. MENDELEEFF. Second English 
edition, translated from the sixth Russian edition by G. KAMENSKy, 
edited by T. A. LAWSON. 2vols. pp. xviii+ 621and 518. New York: 
Longmans, Green & Co. 1897. Price $10.00, 

Since its discovery by Mendeléeff, the Periodic System has 
been made the basis of several treatises on chemistry. A book 
in which it is rigidly adhered to, like Ramsay’s ‘‘ System of Inor- 
ganic Chemistry,’’ may be valuable to the advanced student for 
reference and comparison, but would be but poorly suited to 
teaching chemistry to beginners, even of mature age. Some 
familiarity with a few of the typical elements and their com- 
pounds, and with the more important laws, is necessary, before 
the student is in the position to grasp the idea of periodicity. 
Mendeléeff does not carry his favorite idea too far; his book 
affords an admirable illustration of the proper method of adapt- 
ing the Periodic System to the requirements of beginners, and it 
is difficult to conceive how it could be improved in this respect. 

The writer of this review has had the opportunity of learning by 
practical experience how admirably his method works in the 
classroom, and can heartily recommend the work as a model 
both to writers of text-books and to those who are arranging 
courses of lectures in general chemistry. 

After an introductory chapter treating of combination, decom- 
position, reactions, elements and compounds, and other prelimi- 
nary matter, the reader takes up the study of water, its proper- 
ties, composition, and compounds. This leads to the considera- 
tion of hydrogen and oxygen, acids, bases, and salts, which are 
followed by nitrogen, the air and the compounds of hydrogen, 
oxygen and nitrogen. This has the advantage not only of 
introducing typical elements at the start, but also of calling the 
beginner’s attention to some of the substances most familiar in 
every-day life, which are much more likely to interest him than 
unheard-of objects. Not until the 299th page does the author 
begin the consideration of the atomic theory and Avogadro’s 
hypothesis, from which it will be seen that it is his custom to 
state first the facts, then the generalizations, and last of all the 
hypothesis based on these—a most admirable course, which it is 
to be wished all writers of text-books would follow. Carbon 
compounds are considered next, after which follows a chapter on 
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sodium chloride, hydrochloric acid, and the law of mass action, 
the importance of which is much more strongly emphasized than 
is usual. Chapters on halogens, the alkali and alkaline earth 
metals and on valency and specific heat bring the first volume to 
a close, leaving the student in a position to understand the 
Periodic Law, which takes up the first chapter of the second 
volume. The remaining elements, which are treated in a 
strictly systematic way, take up the remainder of the volume. 
The work is supplemented by three appendices, consisting of 
two lectures delivered in London on ‘‘An Attempt to Apply to 
Chemistry One of the Principles of Newton's Natural Philoso- 
phy,’’ and on ‘‘The Periodic System,’’ and an essay on ‘‘Argon, 
a New Constituent of the Atmosphere,’’ which are good illustra- 
tions of the style and speculative tendencies of the author. 
Argon was discovered after the revision was practically finished, 
and therefore appears only in foot-notes and in the appendix, 
while helium was found too late to be taken note of. 

The book is therefore not a treatise on theoretical chemistry, 
but a descriptive work in which an uuusual degree of attention 
is given to the principles of the science. The author has 
endeavored to adapt it to both beginners and advanced students, 
and has therefore placed the most important material in the 
text, supplementing this with numerous foot-notes, which con- 
stitute at least one-half of the book, and which contain more 
detailed information as well as numerous digressions. He 
recommends beginners to omit the foot-notes on the first reading. 

The treatment throughout its highly original, and in few 
works of the kind are the personal views of the author so appar- 
ent on every page. This renders the book peculiarly attractive 
and suggestive to the mature chemist, but it may be questioned 
whether it is desirable for the younger student to find important 
subjects treated in as one-sided a way as is sometimes the case— 
for example, in a book on the Principles of Chemistry one would 
look for some statement of current ideas of molecular structure, 
yet this is not to be found. The author uses no structural for- 
mulas and does not even explain what they are—at most, he 
admits that they may have some application to carbon com- 
pounds, but does not hesitate to say that the day of structural 
chemistry (in its present sense) is past (vol. 2, p. 466). He 
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frequently compares molecules to planetary systems. His 
inclination to speculate and generalize is everywhere evident, 
and while it often leads to valuable and suggestive results, it is 
occasionally carried to an extreme, as when we are told that 
‘* gases which are easily liquefied (by pressure and cold) are 
more soluble than thdse which are liquefied with difficulty,’’ or 
when he states his opinion that there is a possible mysterious 
connection between the e7gh¢ groups of the Periodic System, the 
eight major planets, and the ezghé satellites of Saturn (vol. 2, p. 
463), a view which may be pardoned in the mind which per- 
ceived the Periodic Law, but which certainly would be ridiculed 
in any lesser. 

A physical chemist of the new school would probably find 
fault with the treatment of the subject of solutions. As is well 
known, Mendeléeff is an adherent of the ‘‘ hydrate theory."’ It 
is one of his favorite subjects and he alludes to it on every pos- 
sible occasion. He defines a solution as a ‘‘ homogeneous 
liquid system of unstable dissociating compounds of the solvent 
with the substance dissolved’’ (vol. 1, p. xiii) and elsewhere in 
similar terms (vol. 1, pp. 106, 111, etc.). Cryohydrates are 
regarded as definite compounds and nothing is said of eutexy. 
The theory of electrolytic dissociation in solution is barely 
alluded to and then only tocondemn it (vol. 1, pp. 92, 108), 
while its real nature is not set forth. The new edition mentions 
the more important investigations on the influence of dis- 
solved substances on the freezing-point and boiling-point, but 
without any serious effort to explain the different behavior of 
electrolytes and non-electrolytes. Forthese reasons the student 
should consult at the same time some work in which the newer 
views are more fully stated. In general, the new edition takes 
sufficient account of recent investigations, but in a few instances 
these have been overlooked, as in the case ofthe atomic weight 
of oxygen (given as 15.96), and the sulphur and nitrogen com- 
pounds of phosphorus. The translation is generally clear and 
idiomatic, and the book is practically free from typographical 
errors, except that names of persons are frequently misspelled 
(Staas for Stas, Ebelmann for Ebelman, Sch6nebein for Schén- 
bein, Clark for Clarke, etc.). The index contains many errors 
of omission and commission. 
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We conclude with a quotation from the author’s preface : 
“Knowing how contented, free, and joyful is life in the 
realm of science, one fervently wishes that many would 
enter its portals. On this account many pages of this treatise 
are unwittingly stamped with the earnest desire that the 
habits of chemical contemplation which I have endeavored 
to instil into the minds of my readers will incite them to the 
further study of science. Science will then flourish in them and 
by them, on a fuller a¢quaintance not only with that little which 
is enclosed within the narrow limits of my work, but with the 
further learning which they must imbibe in order to make them- 
selves masters of our science and partakers in its further advance- 
ment.’ H. N. STOKEs. 
INCOMPATIBILITIES IN PRESCRIPTIONS, FOR STUDENTS IN PHARMACY AND 

MEDICINE, AND PRACTICING PHARMACISTS AND PHYSICIANS. By 

EDSEL A. RUDDIMAN, PH.D., M.D. 1897. New York: John Wiley & 

Sons. v +264 pp. 8vo. Price $2.00. 

This is a book for the pharmacist, rather than a book for 
chemists, as the author states in his title-page. It is divided 
into two parts: 

Part I details the principal reactions and physical properties 
of the medicinal substances most used in compounding prescrip- 
tions. It deals chiefly with solubilities and precipitants, changes 
of color, and behavior when mixed dry or rubbed up in a mor- 
tar. This part of the book is essentially a compilation from 
drug journals, and pharmaceutical and chemical works. The 
author has, however, confirmed many of the statements. The 
compilation has involved a large amount of work, and references 
have been given, in most cases, to the sources of information. 
The author does not tell us how many of these statements he 
has confirmed, but in some cases he records his own results, 
when they contradict the state he quotes, leaving us to 
infer that he has found the rest of the statements correct as 
quoted. The substances are taken up alphabetically, and only 
the Latin names are used, which might with propriety have been 
followed by the chemical name. Another very important omis- 
sion, which greatly lessens the value of the book, is that it does not 
give the degree of solubility of the substance in water, alcohol, or 
diluted alcohol. These facts are especially of service to the pre- 
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scriber. This omission, it seems to us, is the most serious 
defect in this part of the book, if we assume that the statements 
have all been confirmed. Without such confirmation, it would 
hardly be safe to trust to the accuracy of statements taken from 
the current journals. 

The author has quoted freely from Watts’ Dictionary as re- 
vised by Muir and Morley, Allen’s Commercial Organic Analy- 
sis, and other standard authorities. 

Part II consists of a list of 325 complete prescriptions, written 
so as to include almost the whole range of the substances men- 
tioned in Part I, in different combinations, with critical and 
explanatory notes upon each one. This part of the book, we 
believe, is almost entirely original, and bears evidence of great 
care, and many of the comments are based upon a trial of the 
prescriptions in hand. These prescriptions and notes are sup- 
plemented by an excellent reference index, by means of which 
it is possible to refer to prescriptions containing any of the drugs 
mentioned, as well as to the nature of the other ingredients of the 
mixture. A useful table is appended, giving the effect of rub- 
bing together equal weights of thirty-one solid organic sub- 
stances, including most of the recently introduced synthetic 
compounds. As a whole, the book bears evidence of careful 
selection, conciseness, practical knowledge of the needs of the 
pharmacist, and systematic arrangement of facts. 

In spite of the defect above noticed, we believe that this book 
is a valuable contribution to pharmaceutical literature, and a 
very useful one aswell. If every young physician should study 
it carefully, those who have to swallow his mixtures would be 
much better treated than at present. Every pharmacist should 
have it at his prescription case and consult it freely. 

E. H. BARTLEY. 
THE EARLY HISTORY OF CHLORINE. PAPERS BY CARL WILHELM 
SCHEELE (1774), C. Ll. BERTHOLLET (1785), GUYTON DE MORVEAU (1787), 
J. L. Gay-Lussac and L. J. THENARD (1809). ALEMBIC CLUB 

REPRINT No. 13. Edinburgh: W. F. Clay. 48 pp. 12 mo. Cloth. 

Price Is. 6d. 

The Alembic Club of Edinburgh is doing students of physical 
science real service in reproducing in inexpensive form the 
researches of early masters in chemistry. This volume should 
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have preceded the earlier one (No. 9) on ‘‘ The Elementary 
Nature of Chlorine, ’’ by Humphry Davy, the original of which 
bears the date of 1810. 

The first paper, by Scheele, ‘‘On Manganese and its Proper- 
ties,’’ is translated from the Transactions of the Royal Academy 
of Sciences of Stockholm, and shows his clear and remarkably 
correct views as to the nature of the substance accidentally 
obtained when treating black oxide of manganese with hydro- 
chloric acid. Scheele writes concisely, using the language of 
the phlogistic theory, which forms a great contrast to that used 
by Berthollet in the second paper; Scheele’s essay bristles with 
Latin terms, such as acidum salis, spiritus salis ammoniaci, and 
alkali fixum ; Berthollet’s essay shows the admirable influence 
on the language of chemistry exerted by the contemporaries of 
Lavoisier, and reads much more like a modern treatise. 

A short extract from a Memoir on Nomenclature by de Mor- 
veau, is interesting since it introduces the word radical, not 
vadicle, as some chemists would have it. 

The Memoirs by Gay-Lussac and Thénard exhibit the share 
these chemical philosophers have in the investigation of 
‘‘ dephlogisticated marine acid,’’ prior to the time of Davy. 
Davy, it must be remembered, demonstrated that the new gas 
contained no oxygen, and that it was of an elementary charac- 
ter; to him also is due the name chlorine. 

H. CARRINGTON BOLTON. 
AN OUTLINE OF THE THEORY OF SOLUTION AND ITS RESULTS. By J. Liv- 

INGSTON R. MORGAN, PH.D. Small 8vo. New York: John Wiley & 

Sons. 63 pp. Price $1.00. 

The period of unrest and debate in the modern theory of solu- 
tion is, in the main, atanend. This theory has substituted for 
vague representations of isolated facts, clear and concise concep- 
tions based on plausible hypotheses ard stated with mathemat- 
ical precision. Osmotic pressure, diffusion, lowering of freezing- 
point, and raising of boiling-point, etc.,—all these properties of 
solutions have been accounted for and brought into causal rela- 
tionships, and ‘‘ the hundred-year problem of the voltaic cell’’ 
has finally been solved. 

A period of quiet but intense activity has now set in. Work- 
ers attracted by the brilliancy of the results thus far obtained, 
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are busy in clearing up obscure points and extending the field 
of inquiry. 

Now, that this theory has been generally adopted by those 
whose work puts them in a more immediate touch with it, a de- 
sire springs up in those whose interests are in more remote con- 
nection thereto to get some knowledge of its import and aspect. 
The author has responded in a most creditable manner to this 
demand. He gives in clear language the gist of the theory of 
solution, how it has arisen, and what it is to-day. The treat- 
ment and style is as non-mathematical as the nature of the sub- 
ject permits, but it must be borne in mind that a criterion of the 
degree of advancement of a branch of science is the possibility of 
clothing its results in mathematical dress, and he who would 
keep up with the times must needs acquire at least the elements 
of higher analysis. 

The chapter on analytical chemistry from the standpoint of 
electrolytic dissociation should be read and digested by every 
teacher and student of analytical chemistry as well as by every 
professional analyst ; it is law and order introduced into empiri- 
cism. 

Such a vésumé is invaluable ; it presents in compact and in- 
viting form facts of great importance having a more or less direct 
bearing upon every branch of chemistry. Its perusal will show 
that the work of the physical chemists is not so abstruse and 
barren of practical results as it is too often supposed to be. The 
book cannot be too strongly recommended. 

C. E. LINEBARGER. 
THE PRINCIPLES OF MATHEMATICAL CHEMISTRY. THE ENERGETICS OF 
CHEMICAL PHENOMENA. By DR. GEORG HELM. Authorized transla- 
tion from the German by J. LivInGsToN R. MORGAN, PH.D. Small 
8vo. vi+228 pp. New York: John Wiley & Sons. Price $1.50 

The impression the reviewer got from reading the original 
German of this work was that, while the subject-matter was 
excellent, the treatment was faulty, and he now feels that it is a 
pity that the translator did not edit rather than merely translate 
the book. While the author’s purpose was ‘‘to collect the 
results, according to the deductive method, of the investigations 
in the realm of general chemistry,’’ the translator’s desire to 
spread the knowledge of physical chemistry’’ would have un- 
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doubtedly been better fulfilled if more power of editorship had 
been exercised. The translation, however, has been done very 
well. One seldom comes across passages where he must think 
in German while reading English. On the whole, the transla- 
tion may be reckoned an improvement on the original, especially 
in mechanical execution. 

The book is an application of energetics to the problems of 
chemistry. The division of energy into intensity and capacity 
factors is maintained, and generally Ostwald’s ideas on energy 
have been accepted. The book is divided into four parts, treat- 
ing of energy, entropy, chemical intensity, and degrees of 
freedom of chemical phenomena, respectively. Naturally, 
thermodynamics enters largely into the treatment of the first 
two parts. Of most interest to chemists, however, is the part 
treating of chemical intensity or affinity. Init we find an ap- 
plication of Gibbs’ ‘‘Equation Twelve’’ to the phenomena of 
osmotic pressure, diffusion, and other topics upon which the 
modern theory of solution has thrown so much light. Also, 
Gibbs’ ‘‘Phase Rule,’’ that competent guide through the laby- 
rinth of chemical equilibria, is well, although briefly, taken up 
by the author. 

In certain points the translation is open to criticism. Thus, 
the numbers of reacting molecules in a system of reacting num- 
bers (called by the translator ‘‘exchange numbers’’ probably as 
a close translation of Umsatzzahlen) which the author, follow- 
ing the initiative of Planck, denotes by the Greek letters v,, ¥,, 
y,, «+e, the translator writes v,, v,, v,, -+++, throughout; this is 
to be regretted as tending to cause confusion, inasmuch as v 
generally designates volume. 

Also, the translation reads (p. 74) ‘‘third principle of thermo- 
dynamics’’ where thermochemistry is meant. 

Furthermore, a word might be said in regard to the use of the 
words speed and velocity. While they both express the time-rate 
of change of position, velocity has the additional notion of direc- 
tion ; velocity is directed speed. A chemical reaction consid- 
ered with reference to time is not a directed quantity or vector ; 
consequently, we should speak of the speed and not the velocity 
of a chemical reaction. 

While the book does not require very much mathematical 
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knowledge on the part of the reader, it presupposes that he has 
a not inconsiderable acquaintance with the facts and laws of 
physical chemistry. To those up in this particular the book 
will be of service from its unity of arrangement and broadness of 
treatment. C. E. LINEBARGER. 

ELECTRIC SMELTING AND REFINING, BEING THE SECOND EDITION OF 

ELECTRO-METALLURGIE. By DR. W. BORCHERS, translated, with ad- 

ditions, by WALTER G. MCMILLAN. London: Charles Griffin & Co., 

Itd.; Philadelphia: J. B. Lippincott Co. 1897. xx-+ 416 pp. 

Price $6.50. 

This book treats of the extraction and refining of metals by 
the electric current and includes the electrolysis of aqueous 
solutions as well as electric smelting proper, but not electrolytic 
analysis, electroplating, or electrotyping. The introduction 
describes concisely the modern theory of migration of ions, with 
references, to larger works, the translator adding some wise 
remarks upon the cost of electrometallurgical works. Addi- 
tions by the translator supplement and broaden the work of the 
author throughout the book. 

The following metals are treated: Magnesium, lithium, beryl- 
lium, sodium, potassium, calcium, strontium, barium, alumi- 
num, cerium, lanthanum, didymium, copper, silver, gold, zinc, 
cadmium, mercury, tin, lead, bismuth, antimony, chromium, 
molybdenum, tungsten, uranium, manganese, iron, nickel, cobalt, 
and the platinum group. In considering each metal there is 
a good description of the properties of the metal, its natural 
occurrence, and, for comparison, a brief description of the ordi- 
nary methods of its extraction. Then follows a description of 
the attempts to use the current in the production and manipula- 
tion of the metal. 

In general this history is remarkably full and complete, but 
with a few notable exceptions. Much purely experimental 
work is described, together with many impracticable proposi- 
tions. The record of these, however, is valuable, particularly 
for shaping future investigations. The author quotes freely 
from original sources, with abundant references, and discusses 
the important propositions. He adds many valuable points 
from his own extensive and ingenious experience. He forgets, 
however, like a vast majority of people, that a patent is a crea- 
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ture of law and discusses patents without due regard to the patent 
laws of various countries. He often treats a patent too seriously. 

A chapter is devoted to the carbides of the alkaline earth 
metals, but no mention is made of carbide of silicon, carborun- 
dum. 

The author considers it impracticable to extract the common 
metals directly from their ores, by the current. They must first 
be smelted by ordinary means to crude metal to be refined by 
the current or else they must be leached and the solutions elec- 
trolyzed, with regeneration of the solutions for reuse, or utili- 
zing the anode reactions for producing useful products. 

While promising processes are being developed the commer- 
cial condition of the art is briefly this: No metal, with the 
possible exception of sodium in alloys and magnesium, is pro- 
duced directly from native ores by the current. Only two 
important metals, sodium and aluminum, are produced by 
electric smelting proper. Silver, and incidentally gold, and vast 
quantities of crude copper are electrolytically refined. A few 
processes are applicable under special conditions. 

Although this book is essentially German in its conception 
and execution, it must prove of great value to workers in the 
field. It is profusely illustrated, has a full table of contents and 
a good index. FREDERIC P. DEWEY. 
THE Book OF THE DatIRy. TRANSLATED BY C. M. AIKMAN AND R. P. 

WRIGHT from the German work of W. FLEISCHMANN. London and 

New York: D. Van Nostrand Co. xxiv + 344 pp. Price $4.00 

This work is a translation of the first edition of Dr. Fleisch- 
mann’s ‘‘ Lehrbuch der Milchwirtschaft.’’ Since the translators 
have completed their work, asecond and improved German edi- 
tion has been published. The translated edition does not 
include the important dairy work of the last six or seven years. 
This seriously impairs the usefulness of the book ; as an exam- 
ple, the probabilities regarding the variations in the size of the 
fat globule are considered, while no reference is made to the re- 
cent work relating tothis topic. Some ofthe old methods for test- 
ing milk as Marchand’s butyrometer should have been replaced 
by more reliable and modern ones as Babcock’s or Gerber’s cen- 
trifugal method ; then there would have been no necessity to 
have said, ‘‘ It is to be hoped that a reliable method of deter- 
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mining fat will soon be discovered, so convenient and at the 
same time so cheap that it may be capable of being employed on 
small farms.’’ 

The strongest features of the work are: The part relating to 
the testing of the efficiency of separators ; and the chapter on 
cheese-making. The figures for the creaming efficiency of sepa- 
rators are old and misleading, on account of the great improve- 
ments which have been made in their manufacture. The meth- 
ods which are employed for testing their efficiency are however 
scientific. It is refreshing to read that when separator skimmed 
milk contains much less than one-tenth per cent. fat, the results 
are to be viewed with suspicion. The part relating to the 
importance of cleanliness in all dairy operations is also well 
treated. 

The book has, however, been weakened by translation. The 
translators have aimed to produce a so-called popular book, and 
they have continually misused scientific terms. A calorie, page 
117, is the amount of heat required to raise either oxe pound or 
one kilo of water 1°. On page 85, under the head, ‘‘Determina- 
tion of Milk-sugar,’’ the directions read ‘‘After it has been boiled 
for six minutes it is filtered through asbestos, and the reduction of 
the copper takes place spontaneously in the asbestos tube.’’ On 
page 204, acidity is imparted to milk by either hydrochloric acid or 
soda. Fat, after saponification, is called butter. On page 284 con- 
densed milk is called thickened milk. On page 224, a cut is 
given of a cheese mold, and it is called a cheese vat. On page 
219, a curd knife is called a cheese vat. On page 81, an evapo- 
rating dish is called a thin porcelain basin. 

The book should have been decreased in size, by omitting the 
obsolete parts and by a vigorous pruning of the cumbersome 
parts relating to the treatment of trivial matters. 

HARRY SNYDER. 
WATER AND PUBLIC HEALTH. By JAMES H. FUERTES. New York: 
John Wiley & Sons. 75 pp. Price $1.50. 

Mr. Fuertes has brought together much valuable information, 
and his method of stating a large part of it in graphic form, ren- 
ders it decidedly more, serviceable. Long columns of figures 
cannot be digested without considerable mental effort, but a 
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coordinated chart strikes the eye at once. The very instructive 
illustration on page 7, showing the relations, between ‘‘ height 
of ground water,’’ ‘‘extent of sewerage,’’ and the ‘‘ typhoid 
death-rate,’’ could have been improved had the ordinates for 
the ‘‘ ground water curve’’ been increased. Printed as it is the 
scale is too small for easy reading. 

Referring to the correspondence between an improved typhoid 
death-rate and the introduction of purer municipal water sup- 
plies, the author says, ‘‘ other circumstances may have had 
something to do with this reduction, such as hetter care of the 
sick.’’ This is true, but it could have been added that improve- 
ment in the typhoid rate not uncommonly antedates the sanitary 
betterments, because of the private purchasing of drinking water 
from other and purer sources. 

The author forcibly presents the care exercised by European 
authorities in furnishing the consumers with water, either 
unpolluted or else improved to the greatest extent permitted by 
sanitary science ; and he graphically illustrates what may be 
expected if Americans continue to use raw water from sources 
such as those whence many of our cities now draw their sup- 
plies. 

The book is well worthy of a place in the library of every one 
interested in the water question, whether his interest be that of 
a citizen or of a specialist. W. P. MASON. 
ELEMENTS OF CHEMISTRY. By RuFus P. WILLIAMS. viii + 412 pp. 

Boston : Ginn & Co. 1897. Price $1.20 

Personal contact with twenty-five hundred pupils in chemistry 
and some experience in the preparation of text-books, have 
made it possible for the author of this work to prepare a book 
unusally free from erroneous statements. It resembles the 
‘‘ Introduction to Chemical Science,’’ an earlier book by the 
author, but nearly all topics are treated with greater fulness, 
and the text is less marred by abbreviations. The experiments 
are numerous and suggestive. The illustrationsare clear. The 
choice and arrangement of topics will not meet with universal 
approval. The number of laws and theories that are mentioned, 
and, in most instances, discussed, seems excessive for an ele- 
mentary book that is intended chiefly for the use of high 
schools. After a brief account of oxygen, nitrogen, hydrogen, 
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and carbon, follow descriptions of the manufacture of hydro- 
chloric, hydrofluoric, nitric and sulphuric acids. The halogens 
and sulphur follow much later. Acids, bases, and salts are dis- 
cussed in detail before any of the metal are studied. 

The author justifies his method by pointing out the ‘‘enthusi- 
astic interest’’ of his classes. Such evidence of its value should 
be criticised with caution. 

The treatment of the metals is full and interesting. Two very 
brief chapters are given to organic chemistry, and an appendix 
contains the names of a few books of reference, lists of chem- 
icals and apparatus, a few tables, and some directions for 
manipulation. lL. B. HALL. 
HuMPHRY Davy, POET AND PHILOSOPHER. By T. E. THORPE, LL.D., 

F.R.S. The Century Science Series. New York: The Macmillan Co., 

Ltd. 1896. viii+ 240 pp. Price $1.25. 

Professor Thorpe, of the Royal College of Science, London, is 
no novice in the writing of biographies of chemists; his ‘‘Es- 
says in Historical Chemistry’’ (London, 1894) included sketches 
of Boyle, Priestley, Scheele, Cavendish, Lavoisier, Faraday, 
Graham, Wohler, Dumas, Kopp and Mendeléeff, and now 
chemists have to thank him for a very satisfactory biography of 
the illustrious Davy. The author had access to much original 
material not before used, private letters, and documents in pos- 
session of London scientific societies, notably the orginal records 
of Davy’s experiments in the Royal Institution. The result is a 
more accurate work than that of Dr. Paris (1831) and less par- 
tial than that of Sir Humphry’s brother John (1836). Profes- 
sor Thorpe was fortunate in having a charming as well as dis- 
tinguished personality for his subject, and he treats it very 
agreeably. He seems to have become inoculated somewhat 
with Davy’s poetical nature for he writes of the ‘‘Pierian 
Spring,’’ ‘‘Devotions to Calliope,’’ the ‘‘Daring of Phaeton,’’ 
and of ‘‘Priestley’s Pegasus.’’ 

Davy’s childhood and scanty education in youth are touched 
upon; he seems to have had no training in science, however, 
when he began work at Beddoes ‘‘Pneumatic Institution’’ in 
Bristol, but his industry and ability were inborn, and his dis- 
covery of ‘‘Laughing Gas’’ at the age of twenty-one started 
him on a career which reached a lofty height before he arrived 
at the age of thirty. 
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The portrait which serves as frontispiece is an unfamiliar one, 
being from a painting by Jackson, taken at the age of 45. Davy 
appears less handsome than in the portraits by Sir Thos. Law- 
rence, Lonsdale, and others. The book has an index. The 
next volume of the series will be on Michael Faraday, by Dr. 
Silvanus P. Thompson. H. CARRINGTON BOLTON. 


A HANDBOOK OF MODERN EXPLOSIVES. By M. EISSLER. Second edi- 
tion, enlarged. London: Crosby, Lockwood & Son; and New York: 
D. Van NostrandCo. 1897. 8vo. 153 figs. xx-+ 406 pp. Price $5.00. 


That there is a field for a book of this kind is shown by the 
fact that it has now gone toa second edition, the first edition 
having been published in 1890. In the preparation of this work 
the author has omitted all description of gunpowder, as it typi- 
fies the ancient explosives, and devotes his pages largely to nitro- 
glycerine and guncotton and the preparation made from them, 
though same space is given to the nitrosubstitution explosives 
and the proposed substitutes for gunpowder. The scope of the 
treatment covers not only the methods of manufacture, the ap- 
paratus employed and materials required, the tests of the raw 
materials and manufactured products, and the properties of the 
explosives produced, but much space is given to the methods of 
using them in the industries and in war, while a goodly number 
of pages are devoted to the Explosives Act of Great Britain and 
other official regulations. In fact the book is written wholly 
from the English standpoint as regards this industry. This new 
edition is revised and contains about one hundred more pages 
and fifty more illustrations than the first edition. The most 
substantial addition is a chapter on nitrogelatine and gelatine 
dynamite in practical applications, while sections have been added 
on the tests of ingredients and concentration of spent acids in the 
nitroglycerine manufacture ; apparatus for measuring the strength 
of explosives ; properties of frozen nitroglycerine compounds 
and other minor topics. 

It is to be regretted that many obvious errors which occurred 
in the old edition have been repeated in this, while new ones 
have been added. One remarkable error is in the cuts illustra- 
ting the manufacture of nitroglycerine by Mowbray’s Process. 
The authority cited for the description is Mowbray’s ‘‘ Trinitro- 
glycerine.’’ Thethreecuts given bear the legends ‘‘ Mowbray’s 
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Nitroglycerine Apparatus, etc.’’ We have Mowbray’s book 
before us but, although he gives an illustration of his apparatus 
opposite page 68, we do not find in this or any edition of Mow- 
bray’s work the cuts Eissler gives. These cuts occur in Hill’s 
Notes on Explosives, and we have always understood that Hill 
devised this special form of apparatus though it was based on 
Mowbray’s principle. Hissler repeats the statement that 
Sobrero discovered nitroglycerine in Paris, though Guttman has 
some time since announced that ‘‘It was expressly stated to me 
by the late Mr. Sobrero that he made his invention in Turin, 
where he was professor, and not in the laboratory of Pelouze,”’’ 
and that a sample of the original nitroglycerine is still kept at 
Avigliana. Throughout the book there is a carelessness in the 
use of scientific and especially chemical terms, sulphate of 
potassa and potassium nitrate, for instance, occurring in the 
same paragraph,. while in the description of the methods of 
analyzing acids such typographical errors as 180 BaSO, = 42.06 
H,SO, are committed repeatedly. 

The book contains much information and is useful, but it 


would have been a better book if the collated matter had been 
digested. CHARLES E. MUNROE. 
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ERRATUM. 


In the last (January) issue of the Journal, p. 29, line 11, for 
the author’s name read ‘‘H. D. Campbell’’ instead of ‘‘E. D. 


Campbell.’’ 
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